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Description 

[0001] The invention relates to a metal complex in which just one polysubstituted cyclopentadiene-containing com- 
pound, of which at least one substituent is of the form -RDR' n , in which R is a linking group between the cyclopentadiene 
and the group DR' n , D is a hetero atom selected from group 15 or 16 of the Periodic System of the Elements, R' is a 
substituent and n is the number of R* groups bound to D, is present as a ligand. 

[0002] Hereinafter, cyclopentadiene will be abbreviated to Cp. The same abbreviation will be used for a cyclopenta- 
dienyl group if it is clear, from the context, whether cyclopentadiene itself or its anion is meant. 
[0003] In J. of Organomet. Chem., 479 (1994), 1 -29 an overview is provided of the influence of the substituents on 
cyclopentadiene as a ligand in metal complexes. Here if is observed, on the one hand, that the chemical and physical 
properties of metal complexes can be varied over a wide range by adapting the substituents on the cyclopentadiene 
ring. On the other hand, it is stated that no predictions can be made concerning the effect to be expected of specific 
substituents. Another important statement in this publication is "An important feature of these catalyst systems is that 
tetravalent Ti centres are required for catalytic activity*. Note should be taken, in this context, of the fact that 71 is 
exemplary for the metals which are suitable as a metal in the cyclopentadienyl-substituted metal complexes in question. 
[0004] Metal complexes in which one polysubstituted cyclopentadiene-containing compound as described above is 
present as a ligand are known from EP-A-416.815. In the metal complexes described herein the metal used is in its 
highest valency state. 

[0005] Surprisingly, it has now been found that the metal complexes according to the invention are excellent catalyst 
components having a good stability and a high activity in the polymerization of a-olefins. The metal complexes according 
to the invention are mono-Cp-substituted metal complexes of metals in a lower valency state than the highest possible, 
in which the Cp-containing ligand is multidentate-monoan ionic and in which the Cp-containing ligand has a strongly 
stabilizing effect without at the same time blocking the active sites of the complex, so that the complexes have excellent 
catalytic activity. 

[0006] WO-A-96/1 3529, which is prior art under Art. 54(3), mentions 1 5 metal complexes according to the invention 
wherein the Cp is substituted with a group of the form -RDR' n and with other substituents. Corresponding metal com- 
plexes in which the Cp compound is not substituted in the manner described prove unstable or, if they have been 
stabilized in some other way, are found to provide less active catalysts than the complexes containing substituted Cp 
compounds according to the invention, in particular in the case of the polymerization of a-olefins. 
[0007] Moreover, the Cp compounds according to the invention are found to be suitable as stable and volatile pre- 
cursors for use in metal chemical vapour deposition. 

[0008] A polysubstituted Cp compound refers to a cyclopentadiene substituted with at least a group of the form RDR' n 
and additionally with 1 to 4 R 2 groups to be defined hereinafter, H not being regarded as a substituent. Two of these 
R 2 groups may form a closed ring. Preferably, the polysubstituted Cp contains at least 2 R 2 groups as further substit- 
uents. Cp compounds thus substituted are found, when present as a ligand in a metal complex, to make said complex 
more suitable for the polymerization of a-olefins at a higher temperature than complexes substituted with other Cp 
compounds. 

[0009] The Cp compound may also be a heterocyclopentadiene compound. Here and hereinafter the term hetero- 
cyclopentadiene group refers to a group which is derived from cyclopentadiene but in which at least one of the C atoms 
in the 5-ring thereof has been replaced by a hetero atom, which hetero atom can be selected from group 14, 1 5 or 16 
of the Periodic System of the Elements. If more than one hetero atom is present in the 5-ring, these hetero atoms can 
be either identical or different. More preferably, the hetero atom is selected from group 15, and even more preferably 
the hetero atom is phosphorus. The ring of the heterocyclopentadiene may carry, depending on the number of hetero 
atoms h, 1 till (4-h) substituents R 2 . 

[0010] Geminally substituted Cp compounds are not suitable for use as a ligand and are not considered to be within 
the scope of the invention. 

[0011] The R 2 groups may each, separately, be hydrogen or a hydrocarbon radical containing 1-20 carbon atoms 
(such as aikyl, aryl, arafkyl, and the like). Examples of such hydrocarbon radicals are methyl, ethyl, propyl, butyl, hexyl, 
decyl, phenyl, benzyl, and p-tolyl. Alternatively, two hydrocarbon radicals situated next to one another can be linked 
to one another in a ring system; R 2 may also be a substituent which in addition to, or instead of, carbon and/or hydrogen 
contains one or more hetero atoms from groups 14 and/or 17 of the Periodic System of the Elements, a hetero atom 
not being bound directly to the Cp. Thus a substituent may be a F-, or Si-containing group, R 2 may not contain a 
cyclopentadienyl group or a group derived therefrom. 

[0012] The R group forms the link between the Cp and the DR* n group. The length of the shortest link between the 
Cp and D, referred to below as the main chain of R, is critical insofar as it determines the accessibility of the metal by 
the DR' n group in order thus to achieve the desired intramolecular coordination. Too small a length of the R group (or 
bridge) may mean that owing to ring strain the DR' n group cannot coordinate effectively. R has a length of at least one 
atom. The R group can be a hydrocarbon group containing 1-20 carbon atoms (such as alkylidene, arylidene, aryla- 
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Ikylidene and the like). Examples of such groups are methylene, ethylene, propylene, butylene, phenylene, with or 
without a substituted side chain. Preferably, the R group has the following structure: 

5 (-ER 3 2 -) p 

where p = 1-4 and E is an element from group 14 of the Periodic System. The R 3 groups are as defined for R 2 plus 
hydrogen. 

[001 3] The main chain of the R group may consequently, in addition to carbon, also contain silicon or germanium. 
10 Examples of such R groups are: dialkylsilylene, dialkylgermylene, tetraalkyldisilylene or tetraalkylsilaethylene (- 
SiR 3 2 CR 3 2 -). The alkyl groups in such a group preferably contain 1-4 C atoms and are, more preferably, a methyl or 
ethyl group. , 

[0014] The DR' n group consists of a hetero atom D, selected from group 15 or 16 of the Periodic System of the 
Elements, and one or more substrtuent(s) R' bound to D. The number of R* groups (n) is linked to the type of the hetero 

is atom D, in the sense that n = 2 if D is from group 15 and that n = 1 if D is from group 16. Preferably, the hetero atom 
D is selected from the group consisting of nitrogen (N), oxygen (O), phosphorus (P) or sulphur (S); more preferably, 
the hetero atom is nitrogen (N). The R' groups may be identical or different and may be chosen from the same groups 
as defined for R 2 with the exception of hydrogen. Preferably, the R' group is an alkyl, more preferably an n-alkyl group 
containing 1-20 C atoms. More preferably, the R* group is an n-alkyl containing 1 -10 C atoms. Another possibility is for 

20 . two R' groups in the DR' n group to be joined together to give a ring. The DR' n group can bind coord inatively to a metal. 
[001 5] Metal complexes which are catalytically active are complexes according to the invention of metals from groups 
4-10 of the Periodic System of the Elements and rare earths (see the new IUPAC notation to be found on the inside 
of the cover of the Handbook of Chemistry and Physics, 70th Edition, 1989/1 990). In this context, complexes of metals 
from groups 4 and 5 are preferably used as a catalyst component for polymerizing olefins, complexes of metals from 

2S groups 6 and 7 in addition also for metathesis and ring-opening metathesis polymerizations, and complexes of metals 
. from groups 8-10 for olefin copolymerizations with polar comonomers, hydrogenations and carbonylations. Particularly 
suitable for the polymerization of potyolefins are such metal complexes in which the metal is chosen from the group 
consisting of Ti, Zr, Hf, V and Cr. 

[0016] The term olefins here and hereinafter refers to a-olefins, diolefins and other ethylenically unsaturated mon- 
30 omers. If the term polymerization of olefins is used, this refers both to the polymerization of a single type of olefin ic 
monomer and to the copolymerization of two or more olefins. 

[0017] The invention therefore also relates to use of the metal complexes according to the invention as catalyst 
components, in particular for polymerization of olefins, linear as well as branched and cyclic olefins and dienes which 
may or may not be conjugated, and mixtures thereof. Preferably the metal is chosen from the group consisting of Ti 

3S (in), Zr(lll), Hf(lll)andV(IV). 

[001 8] The sequence in which the substituents are attached to the Cp depends on the type of the R 2 groups and the 
RDR' 2 group. Sometimes it is possible first to attach the substituents R 2 to the Cp and then the RDR' n group, and 
sometimes the inverse order is observed. Cp compounds substituted with a number of R 2 groups may, for example, 
be prepared by reacting a halide of the substituting compound in a mixture of the Cp compound and an aqueous 

40 solution of a base in the presence of a phase transfer catalyst. It is possible to use virtually equivalent quantities of the 
halogenated substituting compounds with respect to the Cp compound. An equivalent quantity is understood as a 
quantity in moles which corresponds to the desired substitution multiplicity, for example 2 moles per mole of Cp com- 
pound if disubstitution with the substituent in question is intended. 

[001 9] Depending on the size and the associated steric hindrance of the compounds to be substituted it is possible 
45 to obtain at most trisubstituted to pentasubstituted Cp compounds. If a reaction with tertiary halides is carried out, as 
a rule only trisubstituted Cp compounds can be obtained, whereas with primary and secondary halides it is generally 
possible to achieve tetra- and often even pentasubstitution. 

[0020] Substituents which can be attached by means of this method are, for example, alkyl groups, both linear and 
branched, and cyclic, alkenyl and aralkyl groups. It is also possible for these to contain, in addition to carbon and 
so hydrogen, one or more hetero atoms from groups 14-17 of the Periodic System of the Elements, for example, O, N, 
Si or R Examples of suitable groups are methyl, ethyl, (iso)propyl, sec-butyl, -pentyl, -hexyl and -octyl, (tert-)butyl and 
higher homologues, cyclohexyl, benzyl. 

[0021] The substituents are preferably used in the method in the form of their halides and more preferably in the 
form of their bromides. If bromides are used a smaller quantity of phase transfer catalyst is found to be sufficient, and 
55 a higher yield of the compound aimed for is found to be achieved. 

[0022] By means of this method it is also possible, without intermediate isolation or purification, to obtain Cp com- 
pounds which are substituted specific combinations of substituents. Thus, for example, disubstitution with the aid of a 
certain halide can first be carried out and in the same reaction mixture a third substitution with a different substituent, 
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by a second, different halide being added to the mixture after a certain time. This can be repeated, so that it is also 
possible to prepare Cp derivatives having three or more different substituents. 

[0023] The substitution takes place in a mixture of the Cp compound and an aqueous solution of a base. The con- 
centration of the base in the solution is in the range between 20 and 80 wt.%. Hydroxides of an alkali metal, for example 

5 K or Na, are highly suitable as a base. The base is present in an amount of 5-30 moles, preferably 6-20 moles, per 
mole of Cp compound. It was found that the reaction time can be considerably shortened if the solution of the base is 
refreshed during the reaction, for example by first mixing the solution with the other components of the reaction mixture 
and after some time isolating the aqueous phase and replacing it by a fresh quantity of the solution of the base. 
[0024] The substitution takes place at atmospheric or elevated pressure, for example' up to 100 Mpa, the latter par- 

10 ticularly when volatile components are present. The temperature at which the reaction takes place can vary between 
wide limits, for example from -20 to 120°C, preferably between 10 and 50°C. Initiating the reaction at room temperature 
is suitable, as a rule, whereupon the temperature of the reaction mixture may rise as a result of the heat liberated in 
the course of the reaction. 

[0025] The substitution takes place in the presence of a phase transfer catalyst which is able to transfer OH ions 

is from the aqueous phase to the organic phase containing Cp and the substituting compound. The OH ions react in the 
organic phase with an H atom which can be split off from the Cp compound. Possible phase transfer catalysts to be 
used are quaternary ammonium, phosphonium, arsonium, stibonium, bismuthonium, and tertiary sulphonium salts. 
More preferably, ammonium and phosphonium salts are used, for example tricaprytmethylammonium chloride, com- 
mercially available under the name Aliquat 336 (Fluka AG, Switzerland; General Mills Co., USA) and Adogen 464 

20 (Aldrich Chemical Co., USA), Compounds such as benzyltriethylammonium chloride (TEBA) or benzyltriethylammo- 
nium bromide (TEBA-Br), benzyltrimethylammonium chloride, benzyltrimethylammonium bromide or benzyltrimethyl- 
ammonium hydroxide (Triton B), tetra-n-butylammonium chloride, tetra-n-butylammonium bromide, tetra-n-butylam- 
monium iodide, tetra-n-butylammbnium hydrogen sulphate or tetra-n-butylammonium hydroxide and cetyltrimethylam- 
monium bromide or cetyltrimethylammonium chloride, benzyltributyl-, tetra-n-pentyl-, tetra-n-hexyl- and trioctylpropy- 

25 lammonium chlorides and their bromides are likewise suitable. Usable phosphonium salts include, for example, trib- 
utylhexadecylphosphonium bromide, ethyltriphenylphosphonium bromide, tetraphenylphosphonium chloride, benzyl- 
triphenylphosphonium iodide and tetrabutylphosphonium chloride. Crown ethers and cryptands can also be used as 
a phase transfer catalyst, for example 15-crown-5, 18-crown-6, dibenzo-18-crown-6, dicyclohexano-18-crown-6, 
4,7, 1 3,1 6,21 -pentaoxa-1 , 1 0-diazabicyclo[S.8.5]tricosane (Kryptofix 221 ), 4,7, 1 3,1 8-tetraoxa-1 , 1 0-diazabicyclo[8.5.5] 

30 eicosane (Kryptofix 211) and 4,7, 13,1 6,2 1 ,24-hexaoxa-1 ,10-diazabicyclo[8.8.8]-hexacosane ("[2.2.2]") and its benzo 
derivative Kryptofix 222 B. Poly ethers such as ethers of ethylene glycols can also be used as a phase transfer catalyst. 
Quaternary ammonium salts, phosphonium salts, phosphoric acid t nam ides, crown ethers, polyethers and cryptands 
can also be used on supports such as, for example, on a crosslinked polystyrene or another polymer. The phase 
transfer catalysts are used in an amount of 0.01-2, preferably 0.05-1, equivalents on the basis of the amount of Cp 

35 compound. 

[0026] In carrying out the process the components can be added to the reactor in various sequential orders. 
[0027] After the reaction is complete, the aqueous phase and the organic phase which contains the Cp compound 
are separated. When necessary, the Cp compound is recovered by fractionated distillation. 
[0028] An alternative method of preparation for alkyl-substituted cyclopentadienes is that via alkyl-substituted acet- 
40 ylenes with the aid of a titanium catalyst, disclosed by CM. Garner, Tet. Lett., vol. 35, 1994, p.2463. Tetraalkyl-substi- 
tuted cyclopentadienes can also be synthesized by reaction of 2-lithium-2-alkenes with an ester, followed by a ring 
closure to give the eye lopentadiene derivative, as described in D.M. Bensley, J. Org. Chem., 53, (1988), 4417. According 
to the above-described synthesis methods, however, only tet raalky (cyclopentadienes having 4 identical alky I groups 
can be prepared. 

45 [0029] From acetylenes it is also possible to prepare, with the aid of tetracarbonyl nickel, cyclopentenone derivatives. 
Reaction of the cyclopentenone obtained with a metal alkyl reagent (for example an alkyllithium or a Grignard reagent), 
followed by abstraction of water results in a corresponding cyclopentadiene derivative. Via this route, however, only 
cyclopentadiene derivatives having 4 identical substituents can be synthesized, as described in B. Fell, Chem. Ber 
1 09, (1 976), 291 4. Cyclopentenones containing different alkyl substitutes can be synthesized by the Nazarov reaction, 

so from a-fJ-unsatu rated esters. The cyclopentenones obtained can, as described above, be converted into cyclopenta- 
dienes. This reaction is disclosed by J-M. Conia, Bui. Soc. Chim. France, 8-9, (1970), 2992. Cyclopentadiene deriva- 
tives can be converted into futvenes, which can react with metal alkyl reagents to give more highly substituted cy- 
clopentadiene derivatives (for this see Stone K.J., J. Org. Chem., (49) 1984, 1849). 

[0030] The group of the form RDR' ft is attached at a free position of the Cp compound previously substituted at one 
55 or more positions, for example according to the following synthetic route. 

[0031] During a first step of this route a substituted Cp compound is deprotonated by reaction with a base, sodium 
or potassium. 

[0032] Possible bases to be used are, for example, organolithium compounds (R 3 Li) or organomagnesium com- 
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pounds (R 3 MgX), where R 3 is an alkyl, aryl or aralkyl group, and X is a halide, for example n-butyllithium or i-propyl- 
magnesium chloride. Potassium hydride, sodium hydride, inorganic bases, for example NaOH and KOH, and alcoho- 
lates and amides of Li, K and Na can likewise be used as a base. Mixtures of the abovementioned compounds can 
also be used. 

s [0033] This reaction can be carried out in a polar dispersant, for example an ether. Examples of suitable ethers are 
tetrahydrof uran (THF) or dibutyl ether. Apolar solvents such as, for example, toluene, can likewise be employed. 
[0034] Subsequently, during a second step of the synthesis route, the cyclopentadienyl anion formed reacts with a 
compound according to the formula (R' n D-R-Y), (X-R-Y) or (X-R-Sul), in which D, R, R' and n are as defined herein- 
above. Y is a halogen atom (X) or a sulphonyl group (Sul). Examples of halogen atoms X are chlorine, bromine and 

10 iodine. Preferably, the halogen atom X is a chlorine atom or bromine atom. The sulphonyl group takes the form 
-OS0 2 R 6 , in which R 6 is a hydrocarbon radical containing 1-20 carbon atoms, for example alkyl, aryl, aralkyl. Examples 
of such hydrocarbon radicals are butane, pentane, hexane, benzene, naphthalene. Instead of, or in addition to, carbon 
and/or hydrogen, R 6 may also contain one or more hetero atoms from groups 14-17 of the Periodic System of the 
Elements, such as N, O, Si or F Examples of sulphonyl groups are: phenylmethanesulphonyl, benzenesulphonyl, 

'5 1-butanesulphonyl, 2,5-dichlorobenzenesulphonyl, 5-dimethylamino-1-naphthalenesulphohyl, pentafluorobenze- 
nesulphonyl, p-toluenesulphonyl, trichloromethanesulphonyl, trifluoromethanesulphonyl, 2,4,6-triisopropylbenze- 
nesulphonyl, 2,4,6-trtmethylbenzenesulphonyl, 2-mesitylenesulphonyl, 2-mesitylenesulphonyl, 4-methoxybenze- 
nesulphonyl, 1-naphthalenesulphonyl, 2-naphthalenesulphonyl, ethanesulphonyl, 4-fIuorobenzenesulphonyl and 
1-hexadecanesulphonyl. Preferably, the sulphonyl group is p-toluenesulphonyl or trifluoromethanesulphonyl. 

20 [0035] If D is a nitrogen atom and Y is a sulphonyl group, the compound according to the formula (R' n D-R-Y) is 
formed in situ by reaction of an aminoalcohol compound (R' 2 NR-OH) with a base (such as defined hereinabove), 
potassium or sodium, followed by a reaction with a sulphonyl halide (Sul-X). 

[0036] The second reaction step can likewise be carried out in a polar dispersant such as described for the first step. 
The temperature at which the reactions are carried out is between -60 and 80° C. Reactions with X-R-Sul, X-R-Y and 
25 with R l n D-R-Y, in which Y is Br or I, are as a rule carried out at a temperature between -20 and 20° C. Reactions with 
R' n D-R-Y, in which Y is CI, are as a rule carried out at a higher temperature (10 to 80°C). The upper limit for the 
temperature at which the reactions are carried out is determined, inter alia, by the boiling point of the compound R' n D- 
R-Y and that of the solvent used. 

[0037] After the reaction with a compound according to the formula (X-R-Sul) or (X-R-Y) a further reaction is carried 
30 out with UDR' n or HDR' n to replace X by a DR' n functionality. To this end a reaction is carried out, optionally in the same 
dispersant as mentioned above, at 20 to 80° C. 

[0038] In the course of this synthesis process it is possible, when substituted Cp compounds are being alkylated, 
for geminal products to be formed in part. A geminal substitution is a substitution in which the number of substituents 
increases by 1 but in which the number of substituted carbon atoms does not increase. The amount of geminal products 
35 formed is low if the synthesis is carried out starting from a substituted Cp compound having 1 substituent and increases 
the more substituents the substituted Cp compound contains. In the presence of sterically large substituents in the 
substituted Cp compound no or virtually no geminal products are formed. Examples of sterically large substituents are 
secondary or tertiary alkyl substituents. 

The amount of geminal product formed is also low if the second step of the reaction is carried out under the influence 
40 of a Lewis base whose conjugated acid has a dissociation constant with a pKg of less than or equal to -2.5. The pKg 
values are based on D.D. Perrin: Dissociation Constants of Organic Bases in Aqueous Solution, International Union 
of Pure and Applied Chemistry, Butterworths, London 1 965. The values have been determined in aqueous H 2 S0 4 
solution. Ethers may be mentioned as an example of suitable weak Lewis bases. 

[0039] If geminal products have been formed during the process according to the invention, these products can be 
45 separated in a simple manner from the non-gem inal products by converting the mixture of geminal and non-geminal 

substituted products into a salt, by reaction with potassium, sodium or a base, the salt then being washed with a 

dispersant in which the salt of the non-geminal products is insoluble or sparingly soluble. Bases which can be used 

include the compounds as mentioned above. Suitable dispersants are apolar dispersants such as atkanes. Examples 

of suitable alkanes are heptane and hexane. 
so [0040] Other bridge systems can be synthesized from (cyclopentadienyl)dialkylsilyl halides. Reaction of the silyl 

halide with a nucleophile, for example lithiumdialkylamides, -phosphides or -arsides results in a silyl-bridged system 

with a donor hetero atom. In an identical manner it is possible to synthesize di-sila-bridged systems. 

From fulvenes it is possible to synthesize bridged systems containing a donor hetero atom and one carbon atom in 

the bridge, as described in D.M. Bensley, J. Org. Chem., 53, (1988), 4417. 
55 [0041] The synthesis of metal complexes containing the above-described specific Cp compounds as a ligand may 

take place according to the processes known per se for this purpose. The use of these Cp compounds does not require 

any adaptations of said known processes. 

[0042] Metal complexes supported on a carrier can also be used. 
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[0043] The polymerization of a-olefins, for example ethylene, propylene, butene, hexene, octene and mixtures there- 
of and combinations with dienes can be carried out in the presence of the metal complexes containing the cyclopen- 
tadienyl compounds according to the invention as a ligand. Particularly suitable for this purpose are the complexes of 
transition metals, not in their highest valency state, in which just one of the cyclopentadienyl compounds according to 

s the invention is present as a ligand, and in which the metal is cation ic during the polymerization. These polymerizations 
can be carried out in the manner known for this purpose, and the use of the metal complexes as a catalyst component 
does not require any significant adaptation of these processes. The known polymerizations are carried out in suspen- 
sion, solution, emulsion, gas phase or as a bulk polymerization. It is customary to use, as a cocatalyst, an organometallic 
compound, the metal being selected from group 1, 2, 12 or 13 of the Periodic System of the Elements. Examples 

10 include trialkylaluminium, alkylaluminium halides,. alkyialuminoxanes (such as methylaluminoxanes), tris(pentafluor- 
ophenyl) borane, dimethylanilinium tetra(pentafluorophenyl) borate or mixtures thereof. The polymerizations are car- 
ried out at temperatures between -50°C and +350°C, more in particular between 25 and 250°C. Pressures used are 
generally between atmospheric pressure and 250 MPa, for bulk polymerizations more in particular between 50 and 
250 MPa, for the remaining polymerization processes between 0.5 and 25 MPa. As dispersants and solvents use can 

is be made, for example, of hydrocarbons such as pentane, heptane and mixtures thereof. Aromatic, optionally perfluor- 
inated hydrocarbons likewise deserve consideration. The monomer to be employed in the polymerization can also be 
used as a dispersant or solvent. 

[0044] The invention will be explained with reference to the following examples, but is not limited thereto. Charac- 
terization of the products obtained involved the following analytical methods. 

20 [0045] Gas chromatography (GC) was carried out on a Hewlett-Packard® 5890. series II with an HP crosslinked 
methyl silicon gum (25 m x.0.32 mm X 1.05 ujti) column. Combined gas chromatography/ mass spectrometry (GC- 
MS) was carried out with a Fisons® MD800 equipped with a quadrupole mass detector, autoinjector Fisons® AS800 
and CPSilS column (30 m X 0.25 mm X 1 (im, low bleed). NMR was carried out on a Bruker® ACP200 (^=200 
MHz; 13 C=50 MHz) or Bruker® ARX400 ( 1 H=400 MHz; 13 C=100 MHz). To characterize metal complexes of a Kratos® 

25 MS80 or alternatively a Finnigan Mat® 461 0 mass spectrometer was used. 

Example I 

Preparation of di(2-propyl)cyclopentadiene 

30 

[0046] In a double-walled reactor having a volume of 200 mL, provided with baffles, condenser, top stirrer, thermom- 
eter and dropping funnel, 1 80 g of clear 50% strength NaOH (2.25 mol), 9.5 g of Aliquat 336 (23 mmol) and 1 5 g (0.227 
mol) of freshly cracked cyclopentadiene were combined. The reaction mixture was stirred turbulently at a speed of 
1 385 rpm for a few minutes. Then 56 g of 2-propyl bromide (0.46 mol) were added, cooling with water taking place at 
35 the same time. A few minutes after the addition of the 2-propyl bromide the temperature rose by approximately 1 0°C. 
Stirring then continued for 6 hours at 50°C. GC was used to show that at that instant 92% of di(2-propyl)cyclopentadiene 
was present in the mixture of di-and tri(2-propyl)cyclopentadiene. The product was distilled at 10 mbar and 70°C. After 
distillation, 25.35 g of di(2-propyl)cyclopentadiene were obtained. Characterization took place with the aid of GC, GC- 
MS, 13 C-and 1 H-NMR. 

40 

Example II 

Preparation of tri(2-propyl)cyclopentadiene 

45 [0047] In a double-walled reactor having a volume of 200 mL, provided with baffles, condenser, top stirrer, thermom- 
eter and dropping funnel, 180 g of clear 50% strength NaOH (2.25 mol), 9.5 g of Aliquat 336 (23 mmol) and 15 g (0.227 
mol) of freshly cracked cyclopentadiene were combined. The reaction mixture was stirred turbulently at a speed of 
1 385 rpm for a few minutes. Then 84 g of 2-propyl bromide (0,68 mol) were added, cooling with water taking place at 
the same time. A few minutes after the addition of the 2-propyl bromide the temperature rose by approximately 10°C. 

so GC was used to show that approximately 30 minutes after the addition of all the 2-propyl bromide (monosubstituted) 
2-propylcyclopentadiene had been formed. The reaction mixture was then heated to 50°C. After 2 hours, stirring was 
stopped and phase separation was awaited. The water layer was drawn off, and 180 g (2.25 mol) of fresh 50% strength 
NaOH were added. Stirring then continued for one hour at 50°C. GC was used to show that at that instant between 
90 and 95% of tri(2-propyl)cyclopentadiene was present in the mixture of di-, tri- and tetra-(2-propyl)cyclopentadiene. 

ss The product was distilled at 1.3 mbar and 77-78°C. After distillation, 31.9 g of tri(2-propyl)cyclopentadiene were ob- 
tained. Characterization took place with the aid of GC, GC-MS, 13 C- and 1 H-NMR. 
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Example III 

Preparation of tetra(2-propyl)cyclopentadiene 

s [0048] Analogous to Example II, but now 114 g of 2-propyl bromide (0.93 mol) were added, and after 7 hours the 
water layer was replaced a second time. At the same time, a further 5 g (12 mmol) of Aliquat 336 were added. Heating 
then took place for 16 hours at 55°C. GC was used to show that at that instant 85% of tetra(2-propyl)cyclopentadiene 
was present in the mixture of tri- and tetra(2-propyl)cyclopentadiene. The product was distilled at 1 .0 mbar and 88-90° C. 
After distillation, 34.9 g of tetra(2-propyl)cyclopentadiene were obtained. Characterization took place with the aid of 

10 GC, GC-MS, 13 C- and 1 H-NMR. . • 

Example IV 

Preparation of di(cvclohexvl)cvclopentadiene 

1S 

[0049] A double- walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 600 g of clear 50% strength NaOH (7.5 mo!), followed by cooling to 8°C. Then 
20 g of Aliquat 336 (49 mmol) and 33 g (0.5 mol) of freshly cracked cyclopentadiene were added. The reaction mixture 
was stirred turbulently for a few minutes. Then 172 g of cyclohexyl bromide (1 .05 mol) were added, cooling with water 
20 taking place at the same time. After 2 hours' stirring at" room temperature the reaction mixture was heated to 70°C, 
followed by a further 6 hours' stirring. GC was used to show that at that instant 79% of di(cyc!ohexyl)cyclopentadiene 
was present. The product was distilled at 0.04 mbar and 110-1 20°C. After distillation, 73.6 g of di(cyclohexyl)cyclopen- 
tadiene were obtained. Characterization took place with the aid of GC, GC-MS, 13 C- and 1 H-NMR. 

25 Example V 

Preparation of di- and triO-pentvQcvclopentadiene 

[0050] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
30 and dropping funnel, was charged with 430 g (5.4 mol) of clear 50% strength NaOH. Then 23 g of Aliquat 336 (57 
mmol) and 27 g (0.41 mol) of freshly cracked cyclopentadiene were added. The reaction mixture was stirred turbulently 
for a few minutes. Then 150 g of 3-pentyf bromide (1.0 mol) were added over a period of 1 hour, cooling with water 
taking place at the same time. After 1 hour's stirring at room temperature the reaction mixture was heated to 70° C, 
followed by a further 3 hours' stirring. Stirring was stopped and phase separation was awaited. The water layer was 
3S drawn off and 540 g (6.70 mol) of fresh 50% strength NaOH were added, followed by a further 4 hours' stirring at 70° C. 
GC was used to show that at that instant the mixture consisted of di- and tri(3-pentyl)cyclopentadiene (approximately 
3 : 2). The products were distilled at 0.2 mbar, 51 °C and 0.2 mbar, 77-80°C, respectively. After distillation, 32 g of di- 
and 18 g of tri(3-pentyl)cyclopentadiene were obtained. Characterization took place with the aid of GC, GC-MS, 13 C- 
andTH-NMR. 

40 

Example VI 

Preparation of trifcyclohexvOcyclopentadiene 

45 [0051] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 600 g of clear 50% strength NaOH (7.5 mol), followed by cooling to 8°C. Then 
20 g of Aliquat 336 (49 mmol) and 33 g (0.5 mol) of freshly cracked cyclopentadiene were added. The reaction mixture 
was stirred turbulently for a few minutes. Then 256 g of cyclohexyl bromide (1 .57 mol) were added, cooling with water 
taking place at the same time. After 1 hour's stirring at room temperature the reaction mixture was heated to 70° C, 

50 followed by a further 2 hours' stirring. After 2 hours, stirring was stopped and phase separation was awaited. The water 
layer was drawn off and 600 g (7.5 mol) of fresh 50% strength NaOH were added, followed by a further 4 hours' stirring 
at 70°C. GC was used to show that at that instant 10% of di- and 90% of tri(cyclohexyl)cyclopentadiene were present 
in the mixture. The product was distilled at 0.04 mbar and 130 & C. After distillation, 87.4 g of tri(cyclo-hexyl)cyclopen- 
tadiene were obtained. Characterization took place with the aid of GC, GC-MS, 13 C- and 1 H-NMR. 

55 
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Example VII 

Preparation of di(2-butyl)cvclopentadiene 

s [0052] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 600 g of clear 50% strength NaOH (7.5 mol), followed by cooling to 10°C. Then 
30 g of Aliquat 336 (74 mmol) and 48.2 g (0.73 mol) of freshly cracked cyclopentadiene were added. The reaction 
mixture was stirred turbulently for a few minutes. Then 200 g of 2-butyl bromide (1.46 mol) were added over a period 
of half an hour, cooling with water taking place at the same time. After 2 hours' stirring at room temperature the reaction 

10 mixture was heated to 60°C, followed by a further 4 hours' stirring. GC was used to show that at that instant more than 
90% of di(2-butyl)cyclopentadiene was present in.the mixture. The product was distilled at 20 mbar and 80-90°C. After 
distillation, 90.8 g of di(2-butyl)cyclopentadiene were obtained. Characterization took place with the aid of GC, GC- 
MS, 13 C- and 1 H-NMR. 

is Example VIII 

Preparation of tri(2-butyl)cyclopentadiene 

[0053] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
20 and dropping funnel, was charged with 400 g of clear 50% strength NaOH (5 mol). Then 9.6 g of Aliquat 336 (24 mmoi) 
and 15.2 g (0.23 mol) of freshly cracked cyclopentadiene were added. The reaction mixture was stirred turbulently for 
a few minutes. Then 99.8 g of 2-butyl bromide (0.73 mol) were added over a period of half an hour, cooling with water 
taking place at the same time. After half an hour's stirring at room temperature the reaction mixture was heated to 
70°C, followed by a further three hours' stirring. Stirring was stopped and phase separation was awaited. The water 
25 layer was drawn off and 400 g (5.0 mol) of fresh 50% strength NaOH were added, followed by a further two hours' 
stirring at 70°C. GC was used to show that at that instant more than 90% of tri(2-butyl)cyclopentadiene was present 
in the mixture of di-, tri- and tetra(2-butyl)cyclopentadiene. The product was distilled at 1 mbar and 91 °C. After distil- 
lation, 40.9 g of tri(2-butyl)cyclopentadiene were obtained. Characterization took place with the aid of GC, GC-MS, 1 3 C- 
and^-NMR. 

30 

Example IX 

Preparation of di- and tri(2-penty Develop entadiene 

35 [0054] A double-wailed reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 900 g (11 .25 mol) of clear 50% strength NaOH. Then 31 g of Aliquat 336 (77 
mmol) and 26.8 g (0.41 mol) of freshly cracked cyclopentadiene were added. The reaction mixture was stirred turbu- 
lently for a few minutes. Then 155 g of 2-pentyl bromide (1.03 mol) were added over a period of 1 hour, cooling with 
water taking place at the same time. After 3 hours' stirring at room temperature the reaction mixture was heated to 

40 70° C, followed by a further 2 hours' stirring. Stirring was stopped and phase separation was awaited. The water layer 
was drawn off and 900 g (11 .25 mol) of fresh 50% strength NaOH were added, followed by a further two hours' stirring 
at 70°C. GC was used to show that at that instant the mixture consisted of di- and tri(2-pentyl)cyclopentadiene (ap- 
proximately 1:1). The products were distilled at 2 mbar, 79-81 °C and 0.5 mbar, 102°C, respectively. After distillation, 
28 g of di- and 40 g of tri(2-pentyl)cyclopentadiene were obtained. Characterization took place with the aid of GC, GC- 

4S MS, 13 C- and 1 H-NMR. 

Example X 

Preparation of di(2-propv0cvclohexylcvclopentadiene 

so 

[0055] In a double-walled reactor having a volume of 200 mL, provided with baffles, condenser, top stirrer, thermom- 
eter and dropping funnel, 150 g of clear 50% strength NaOH (1.9 mol), 7 g of Aliquat 336 (17.3 mmol) and 8.5 g (0.13 
mol) of freshly cracked cyclopentadiene were combined. The reaction mixture was stirred turbulently at a speed of 
1 385 rpm for a few minutes. Then 31 .5 g of 2-propyl bromide (0.26 mol) were added, cooling with water taking place 
55 at the same time. Metering in took a total time of 1 hour. After addition of the bromide the reaction mixture was heated 
to 50°C. After 2 hours, stirring was stopped and phase separation was awaited. The water layer was drawn off, and 
150 g (1.9 mol) of fresh 50% strength NaOH were added. This was followed by the addition of 20.9 g (0.13 mol) of 
cyclohexyl bromide, and stirring then continued for a further 3 hours at 70°C. GC was used to show that at that instant 
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80% of di(2-propyl)cyclohexylcyclopentadiene was present in the mixture. The product was distilled at 0.3 mbar and 
80°C. After distillation, 17.8 g of di(2-propyl)cyclohexylcyclopentadiene were obtained. Characterization took place 
with the aid of GC, GC-MS, 13 C- and 1 H-NMR. 

5 Example XI 

Preparation of tetra(octvl)cvclopentadiene 

[0056] A double-walled reactor having a volume of 1 .5 L, provided with baffles, condenser, top stirrer, thermometer 
10 and dropping funnel, was charged with 900 g of clear 50% strength NaOH (11.3 mol), followed by cooling to 10°C. 
Then 30 g of Aliquat 336 (74 mmol) and 48 g (0.72 mol) of freshly crackedcyclopentadiene were added. The reaction 
mixture was stirred turbulently for a few minutes. Then 577 g of octyl bromide (2.99 mol) were added over a period of 
one hour, cooling with water taking place at the same time. After 1 hour's stirring at room temperature the reaction 
mixture was heated to 35°C, followed by a further 6 hours' stirring. Stirring was stopped and phase separation was 
15 awaited. The water layer was drawn off and 920 g (11 .5 mol) of fresh 50% strength NaOH were added, followed by a 
further 5 hours' stirring at room temperature. GC was used to show that at that instant 10% of tri-, 83% of tetra- and 
7% of penta (octyl)cyclopentadiene were present in the mixture. The product was distilled under reduced pressure. 
After vacuum distillation, 226.6 g of tetra(octyl)cyclopentadiene were obtained. The product was characterized with 
the aid of GC, GC-MS, 13 C- and 1 H-NMR. 

20 

Example XII ^ * 

Preparation of tetra(n-propyl)cycl6pentadiene 

25 [0057] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 1000 g of clear 50% strength NaOH (12.5 mol), followed by cooling to 10°C. 
Then 30 g of Aliquat 336 (74 mmol) and 50 g (0.75 mol) of freshly cracked cyclopentadiene were added. The reaction 
mixture was stirred turbulently for a few minutes. Then 373 g of propyl bromide (3.03 mol) were added over a period 
of one hour, cooling with water taking place at the same time. After 1 hour's stirring at room temperature the reaction 

30 mixture was heated to 35° C, followed by a further 6 hours' stirring. Stirring was stopped and phase separation was 
awaited. The water layer was drawn off and 990 g (12.4 mol) of fresh 50% strength NaOH were added, followed by a 
further 5 hours' stirring at room temperature. GC was used to show that at that instant 14% of tri-, 80% of tetra- and 
6% of penta (propyl)cyclopentadiene were present in the mixture. The product was distilled under reduced pressure. 
After vacuum distillation, 103.1 g of tetra(propyl)cyclopentadiene were obtained. The product was characterized with 

35 the aid of GC, GC-MS, 13 C- and 1 H-NMR. 

Example XIII 

Preparation of di(2-phenvl-propvQcvclopentadiene 

40 

[0058] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 600 g of clear 50% strength NaOH (7.5 mol), followed by cooling to 8°C. Then 
20 g of Aliquat 336 (49 mmol) and 33 g (0.5 mol) of freshly cracked cyclopentadiene were added. The reaction mixture 
was stirred turbulently for a few minutes. Then 219 g of 1 -bromo-2-phenylpropane (1.1 mol) were added, all at once, 
^5 cooling with water taking place at the same time. After 2 hours' stirring at room temperature the reaction mixture was 
heated to 70°C, followed by a further 6 hours' stirring. GC was used to show that at that instant 89% of di(2-phenyl- 
propyl)cyclopentadiene was present. The product was distilled at low pressure and high temperature, whereupon 95.34 
g (0.4 mol; 80%) of di(2-phenyl-propyl)cyclopentadiene were obtained. The product was characterized with the aid of 
GC, GC-MS, 13 C- and 1 H-NMR. 

so 

Example XIV 

Preparation of did , 1 -dimethylpropyQcyclopentadiene 

£5 [0059] A double-walled reactor having a volume of 1 L, provided with baffles, condenser, top stirrer, thermometer 
and dropping funnel, was charged with 600 g of clear 50% strength NaOH (7.5 mol), followed by cooling to 8°C. Then 
20 g of Aliquat 336 (49 mmol) and 33 g (0.5 mol) of freshly cracked cyclopentadiene were added. The reaction mixture 
was stirred turbulently for a few minutes. Then 226.6 g of 2-bromo-2-methylbutane (1.5 mol) were added, all at once, 
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cooling with water taking place at the same time. After 2 hours' stirring at room temperature the reaction mixture was 
heated to 70°C, followed by a further 6 hours* stirring. GC was used to show that at that instant 56% of di( 1 , 1 -dimethyl- 
propyl)cyclopentadiene was present. The product was distilled at low pressure and high temperature, whereupon 47.7 
g (0.23 mol; 46%) of di(1,1-dimethyl-propyl)cyclopentadiene were obtained. The product was characterized with the 
s aid of GC, GC-MS, and 1 H-NMR. 

Example XV 

Preparation of did -methyl- 1-ethyl-propyl)cvclopentadiene 
w ' . 

[0060] This preparation was carried out as in the preceding example, but now with: 247.6 grams of 3-bromo-3-meth- 
ylpentane. In the first instance 55%, and after distillation 43% (50.4 grams) of di(1-methyl-1-ethyl-propyl)cyclopenta- 
diene were obtained. 

15 Experiment XVI 

In-situ preparation of 2-(N,N-dimethytaminoethyl) tosylate 

[0061] Under dry nitrogen, a solution of n -butyl- lithium in hexane (1 equivalent) In dry THF was added (metering 
20 time: 60 minutes) at -10°C to a solution of 2-dimethyl-aminoethanol (1 equivalent) in a three-necked round-bottomed 
flask provided with a magnetic stirrer -and a dropping funnel. After the addition of all the butyllithium the mixture was 
brought to room temperature and stirred for 2 hours. Subsequently the mixture was cooled (-10°C)and p-toluenesulpho- 
nyl chloride (1 equivalent) was then added, followed by 15 minutes' stirring at this temperature, before the solution was 
added to a cyclopentadienyl anion. 
25 [0062] By a similar method, comparable tosylates can be prepared. In a number of the following examples a tosylate 
■ is in each case coupled with alkylated Cp compounds. In the course of said coupling the required substitution reaction 
is accompanied by geminal coupling. In almost all cases it was possible to separate the geminal isomers from the non- 
geminal isomers by conversion of the non-geminal isomers into their sparingly soluble potassium salt, followed by this 
salt being washed with a solvent in which said salt is insoluble or sparingly soluble. 

30 

Example XVII 

a. Preparation of (dimethylaminoethyDdicyclohexylcyclopentadiene 

35 [0063] Under a nitrogen atmosphere, a solution of n -butyllithium in hexane (1 8.7 ml_; 1 .6 mol/L; 30 mmol) was added 
dropwise to a cooled (0°C) solution of dicyclohexyl-cyclopentadiene (Example IV) (6.90 g; 30.0 mmol) in dry tetrahy- 
drof uran (1 25 ml) in a 250 ml three-necked round-bottomed flask provided with a magnetic stirrer and a dropping funnel. 
After 24 hours' stirring at room temperature, 30.0 mmol of 2-(dimethylaminoethyl) tosylate prepared in situ were added. 
After 18 hours' stirring the conversion was found to be 88%, and water (100 ml) was carefully added dropwise to the 

40 reaction mixture and the tetrahydrofuran was then distilled off. The crude product was extracted with ether and the 
combined organic phase was then dried (sodium sulphate) and evaporated to dryness. The residue was purified on a 
. silica gel column, which resulted in 7.4 g of (dimethylaminoethyl)dicyclohexylcyclopentadiene. 

b. Synthesis of 1-(dimethylaminoethvn-2 t 4-dicyclohexvlcvclopentadienyltitanium(lin dichloride and [1- 
4S (dimethvlaminoethvl)-2,4-dicvclohexvlcvclopentadienvl1dimethyltitanium(lll) 

[0064] 

50 [C 5 H 2 (c-C 6 H 1l ) 2 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 
and 

55 [C 5 H 2 (c-C 6 H n ) 2 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0065] In a Schlenk vessel, 1 .37 g (4.54 mmol) of (dimethylaminoethyl)dicyclohexylcyclopentadiene were dissolved 
in 30 mL of diethyl ether and the solution was then cooled to -60°C. Then 2.84 mL of n-butyllithium (1.6M in hexane; 
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4.54 mmol) were added dropwise. The reaction mixture was slowly brought to room temperature, followed by stirring 
for 2 hours. After evaporation of the solvent a yellow powder remained to which 30 mL of petroleum ether were added. 
In a second Schlenk vessel 40 mL of tetrahydrofuran were added to 1 .68 g of 71(III)CI 3 .3THF (4.53 mmol). Both Schlenk 
vessels were cooled to -60°C and the organolithium compound was then added to the Ti(lll)CI 3 suspension. The re- 
s action mixture was then stirred for 18 hours at room temperature, after which the solvent' was evaporated. To the 
residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. A green solid remained 
containing 1-(dimethylaminoethyl)-2,4-dicyclohexylcyclopentadienyltitanium(lll) dichloride. 

[0066] In a Schlenk vessel, 0.31 g (0.671 mmol) of the above-described 1 -(dimethylaminoethyl)-2,4-ciicyclohexyIcy- 
clopentadienyltitanium(lll) dichloride was dissolved in 30 mL of diethyl ether. The solution was cooled to -60° C and 
10 0.73 mL (1 .84M in diethyl ether; 1 .34 mmol) of methyllithium was then added dropwise. The solution was slowly brought 
to room temperature, followed by stirring for 1 hour. Then the solvent was evaporated and the residue extracted with 
40 mL of petroleum ether. The filtrate was boiled down and dried for 18 hours in vacuo. There remained 0.14 g of a 
black/brown oil containing [1 -(dimethylaminoethyl)-2,4-dicyclohexylcyclopentadienyl]-dimethyltitanium(lll). 

is Example XVIII 

a. Preparation of (dimethylaminoethyl)di(2-pentyl)cyclopentadiene 

[0067] Under a nitrogen atmosphere, a solution of n-butyllithium in hexane (24.0 ml; 1 .6 mol/L; 38 mmol) was added 
20 dropwise to a cooled (0 D C) solution of di-(2-pentyl)cyclopentadiene (7.82 g; 38.0 mmpi) in dry tetrahydrofuran (125 ml) 
in a 250 ml three-necked round-bottomed flask provided with a magnetic stirrer and a dropping funnel. After 24 hours' 
stirring at room temperature, 2-(dimethylaminoethyl) tosylate (38.0 mmol) prepared in situ was added. After 18 hours' 
stirring the conversion was found to be 92%, and water (100 ml) was carefully added dropwise to the reaction mixture 
and the tetrahydrofuran was then distilled off. The crude product was extracted with ether and the combined organic 
25 phase was then dried (sodium sulphate) and evaporated to dryness. The residue was purified on a silica gel column, 
which resulted in 8.2 g of (dimethylaminoethyl)-di(2-pentyl)cyclopentadiene. 

b. Synthesis of 1-fdimethvlaminoethvl)-2,4-di(2-pentvl)cvclopentadienyltitanium(lll) dichloride and f1- 
(dimethvlaminoethyl)-2,4-di(2-pentvl)cyclopentadienv1dimethyltitanium (111) 

30 

[0068] 

[CsH^-CsH^J^CH^gNMegTKIIOCy 

35 

and 

[CgH^-C^H^ ) 2 (CH 2 ) 2 NMe 2 -n(lll)Me 2 ] 

40 

[0069] In a Schlenk vessel, 1 .60 g (5.77 mmol) of (dimethylaminoethyl)di(2-pentyl)cyclopentadiene were dissolved 
in 40 mL of diethyl ether and the solution was then cooled to -60°C. Then 3.6 mL of n-butyllithium (1 .6M in hexane; 
5.77 mmol) were added dropwise. The reaction mixture was slowly brought to room temperature, followed by stirring 
for 2 hours. 

45 in a second Schlenkvessel 40 mLof tetrahydrofuran were addedto 2.1 4 g of H(III)CI 3 .3THF (5.77 mmol). Both Schlenk 
vessels were cooled to -60°C and the organolithium compound was then added to the Ti(ll()CI 3 suspension. The re- 
action mixture was then stirred for 1 8 hours at room temperature, after which the solvent was evaporated. To the 
residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. 1 .60 g of a green solid 
remained containing 1-(dimethylaminoethyl)-2,4-di(2-pentyl)cyciopentadienyltitanium(lll) dichloride. 

so [0070] In a Schlenk vessel, 0.33 g (0.835 mmol) of 1-(dimethylaminoethyl)di(2-pentyl)cyclopentadienyltitanium(III) 
dichloride was dissolved in 40 mL of diethyl ether. The solution was cooled to -60°C and 0.90 mL of methyllithium 
(1 .84M in diethyl ether; 1 .66 mmol) was then added dropwise. The reaction mixture was slowly brought to room tem- 
perature, followed by stirring for 1 hour. Then the solvent was evaporated. The residue was extracted with 50 mL of 
petroleum ether, and the filtrate was then boiled down. There remained 0,24 g of a black/brown oil containing [1- 

ss (dimethylaminoethyl)-2,4-di(2-pentyl)cyclopentadienyl]dimethyltitanium(lll). 
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Example XIX 

a. Preparation of (dimethvlaminoethvl)tri(2-propyl)-cyclopentadiene 

s [0071] In a dry 500 ml_ three-necked flask with a magnetic stirrer, a solution of 62.5 mL of n-butyl lithium (1 .6M in n- 
hexane; 100 mmol) was added under a dry nitrogen atmosphere to a solution of 19.2 g (100 mmol) of triisopropyl- 
cyclopentadiene in 250 mL of THF at -60° C. After heating to room temperature (in approximately 1 hour) stirring con- 
tinued for a further 2 hours. After cooling to -60° C, a solution of (dimethylaminoethyl) tosylate (1 05 mmol) prepared in 
situ was added over a period of 5 minutes. The reaction mixture was heated to room temperature, followed by overnight 

10 stirring. After addition of water, the product was extracted with petroleum ether (40-60°C). The combined organic layer 
was dried (Na 2 S0 4 ) and evaporated under reduced pressure. The conversion was greater than 95%. The yield of 
product after distillation (based on triisopropyl-cyclopentadiene) was approximately 55%. 

b. Synthesis of ri-(dimethvlaminoethvlV2,3 t 5"tri(2-propvncyclopentadienyltitanium(lll) dichloride and f1- 
f5 (dimethvlaminoethvl)-2,3,5-tri(2-propvncvclopentadienvl1dimethvltitanium(Hn 

[0072] 

2Q [C s H(iPr) 3 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 
and 

2S [C 5 H(iPr) 3 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0073] In a 500 mL 3-necked flask 200 mL of petroleum ether were added to 8.5 g (28.18 mmol) of the potassium 
1-(dimethylaminoethyl)-2,3,5-tri(2-propyl)cyclopentadienyl. In a second (1 L) 3-necked flask, 300 ml of tetrahydrof uran 
were added to 10.5 g (28.3 mmol) of Ti(lll)CI 3 .3THR Both flasks were cooled to -60°C and the organopotassium com- 

30 pound was then added to the Ti(lll)CI 3 suspension. The reaction mixture containing 1-(dimethylaminoethyl)-2,3,5-tri 
(2-propyl)cyciopentadienyltitanium(lll) dichloride was slowly brought to room temperature, after which stirring was con- 
tinued for a further 18 hours. This was followed by cooling to -60°C and 30.6 mL of methyllithium (1 .827 M in diethyl 
ether, 55.9 mmol) were then added. After 2 hours' stirring at room temperature, the solvent was. removed and the 
residue was dried in vacuo for 18 hours. To the product, 700 mL of petroleum ether were then added, followed by 

35 filtration. The filtrate was boiled down and dried in vacuo for 2 days. There remained 9.2 g of a brown/black oil containing 
[1-(dimethylaminoethyl)-2 ) 3 l 5-tri(2-propyl)cyclopentadienyl]dimethyltitanium(lll). 

Example XX 

40 a. Preparation of (di-n-butylaminoethyl)di(2-pentyl)cyclopentadiene 

[0074] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)-di-(2-pentyl)cyclopentadi- 
ene, the tosylate of N,N-di-n-butylarninoethanol being prepared in situ. The conversion was 88%. The di-(n-butylami- 
noethyl)-di-(2-pentyl)cycIopentadiene was obtained, after preparative column purification on silica gel using, succes- 
45 sively, petroleum ether (40-60°C) and THF, followed by distillation under reduced pressure, in a yield of 51%. 

b. Preparation of 1-(di-n-butylaminoethyl)-2,4-di(2-pentyl)cyclopentadienyftitanium(lll) dichloride 

[0075] 

so 

[C 5 H 2 (2-C 5 H 1l ) 2 (CH 2 ) 2 N(n-C 4 H 9 ) 2 Ti(lll)CI 2 ] 

[0076] In a Schlenk vessel, 0.91 9 g (2.54 mmol) of (di-n-butylaminoethyl)di(2-pentyl)cyclopentadiene was dissolved 
55 in 40 mL of diethyl ether and the solution was then cooled to -60°C. 1.6 mL of n-butyllithium (1.6M in hexane; 2.56 
mmol) was then added dropwise. The reaction mixture was slowly brought to room temperature, followed by 2 hours' 
stirring. This was then added, at -60°C, to 960 mg (2.59 mmol) of Ti(lll)CI 3 .3THF in 20 mL of tetrahydrofuran. The 
reaction mixture was then stirred for 1 8 hours at room temperature, after which the solvent was evaporated. The residue 
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was washed with 10 mL There remained 0.95 g of a green solid containing 1-(di-n-butylaminoethyl)-2,4-di(2-pentyl) 
cyclopentadienyltitanium(lll) dichloride. 

Example XXI 

5 

a. Preparation of (dimethylaminoethyl)di(2-propyl)cvclopentadiene 

[0077] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)tri(2-propyI)cyclopentadi- 
ene. The conversion was 97%. The dimethylaminoethyldiisopropylcyclopentadiene was obtained by distillation, with 
10 a yield of 54%. ' 

b. Synthesis of ri-(dimethylaminoethvl)-2 t 4-di(2-propvl)cyclopentadienyltitanium(lll) dichloride and [1- 
(dimethvlaminoethvn-2,4-dif2-propvncvclopentadienvl1-dimethyltitanium (III) 

is [0078] 

[C 5 H 2 (iPr) 2 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 

20 and 

[C 5 H 2 (iPr) 2 (CH 2 ) 2 NMe 2 Ti(II l)Me 2 ] 

25 [0079] To 8.9 g (40.3 mmol) of (dimethylaminoethyl)-di-(2-propyl)cyclopentadiene in 100 mL of tetrahydrofuran in a 
250 mL 3-necked flask, 25.2 mL of n-butyllithium (1 .6M, 40.3 mmol) were added dropwise. In a second (500 mL) 
3-necked flask, 100 ml of tetrahydrofuran were added to 14.93 g (40. 3 mmol) of Ti(lll)CI 3 .3THF. Both flasks were cooled 
to -60°C and the organolithium compound was then added to the Ti(lll)CI 3 suspension. The reaction mixture containing 
1-(dtmethylaminoethyl)-2,4-di(2-propy!)cyclopentadienyltitanium(lll) dichloride was slowly brought to room tempera- 

30 ture, after which stirring was continued for a further 18 hours. This was followed by cooling to -60°C, and 50.4 mL of 
methyllrthium (1.6M in diethyl ether; 80.6 mmol) were then added. After 2 hours' stirring at room temperature, the 
solvent was removed and the residue was dried in vacuo for 1 8 hours. To the product, 350 mL of petroleum ether were 
then added, followed by filtration. The filtrate was boiled down and dried in vacuo for one day. There remained 11.6 g 
of a brown/black oil containing [1-(dimethylaminoethyl)-2 l 4-di(2-propyl)cyclopentadienyl]-dimethyltitanium(lll). 

35 

Example XXII 

a. Preparation of (dimethvlaminoethvl)di(2-butvl)cvclop8ntadiene 

40 [0080] Under a nitrogen atmosphere, a solution of n-butyllithium in hexane (31 .2 ml; 1 .6 mol/L; 50 mmol) was added 
dropwise to a cooled (0°C) solution of di-(2-buty!)cyclopentadiene (8.90 g; 50.0 mmol) in dry tetrahydrofuran (1 50 ml) 
in a 250 ml three-necked round-bottomed flask provided with a magnetic stirrer and a dropping funnel. After 24 hours' 
stirring at room temperature, the 2-(dimethylaminoethyl) tosylate (50.0 mmol) was added. After 18 hours' stirring the 
conversion was found to be 96%, and water (100 ml) was carefully added dropwise to the reaction mixture and the 

45 tetrahydrofuran was then distilled off. The crude product was extracted with ether and the combined organic phase 
was then dried (sodium sulphate) and boiled down. The residue was purified on a silica gel column, which resulted in 
8.5 g of (dimethylaminoethyl)di(2-butyl)cyclopentadiene. 

b. Synthesis of 1-(dimethvlaminoethvl)-2,4-di(2-butvncvclopentadienyltitaniumflll) dichloride and f1- 
$o (dimethvlaminoethvl)-2,4-di(2-butyncyclopentadienylldimethvltitanium(MI) 

[0081] 

55 [C 5 H 2 (2-C 4 H 9 ) 2 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 
and 
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[C 5 H 2 (2-C 4 H 9 ) 2 (CH 2 ) 2 NMe 2 Tt(ll!)Me 2 ] 

[0082] In a Schlenk vessel, 2.36 g (9.48 mmol) of (dimethylaminoethyl)di(2-butyl)cyclopentadiene was dissolved in 
s 50 mL of diethyl ether and the solution then cooled to -60°C. Then 5.9 ml_ of n-butyllithium (1 .6M in hexane; 9.44 mmol) 
were added dropwise. The reaction mixture was slowly brought to room temperature, followed by stirring for 2 hours. 
In asecond Schlenkvessel 50mLof tetrahydrofuran were added to 3.51 gof "n(lll)CI 3 .3THF (9.44 mmol). Both Schlenk 
vessels were cooled to -60°C and the organolithium compound was then added to the Ti(lll)CI 3 suspension. The re- 
action mixture was then stirred for 18 hours at room temperature, after which the solvent was evaporated. To the 
10 residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. 2. 1 5 g of a green solid 
remained.containing 1-(dimethyiaminoethyl)-2,4-di(2-butyl)cyclopentadienyltitanium(lll) dichloride. 
[0083] In a Schlenk vessel, 0.45 g (1.22 mmol) of l-(dimethylaminoethyl)di(2-butyl)cyclopentadienyrtitanium(lll) 
dichloride was dissolved in 40 mL of diethyl ether. The solution was cooled to -60°C and 1.33 mL of methyllithium 
(1.84M in diethyl ether; 2.44 mmol) were then added dropwise. The reaction mixture was slowly brought to room 
is temperature, followed by stirring for 1 hour. Then the solvent was evaporated. The residue was extracted with 50 mL 
of petroleum ether, and the filtrate was boiled down. There remained 0.36 g of a black/brown oil containing [1 -(dimeth- 
ylaminoethyl)-2,4-di(2-butyl)cyclopentadienyl]dimethyltitanium(lll). 

Example XXIII 

20 

a. Preparation of (dimethylaminoethyl)tri(2-butvl)-cyclopentadiene 

[0084] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)tri(2-propyl)cyclopentadi- 
ene. The conversion was 92%. The product was obtained by distillation, with a yield of 64%. 

25 

b. Synthesis of [1-(dimethvlaminoethvl)-2,3,5-tri(2-butyl)cyclopentadienyltitanium(lll) dichloride and [1- 
(dimethylaminoethvl)-2,3,5-tri(2-butyl)cyclopentadienvndimethvltitaniumflH) 

[0085] 

30 

[C 5 H(2-C 4 H g ) 3 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 

and 

35 

[C 5 H(2-C 4 H 9 ) 3 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0086] In a 500 mL 3-necked flask 200 mL of petroleum ether were added to 6.28 g (20.6 mmol) of the potassium 
40 1 -(dimethylaminoethyl)-2,3,5-tri(2-butyl)cyclopentadienyl. In a second (1 L) 3-necked flask, 300 ml of tetrahydrofuran 
were added to 7.65 g (20.6 mmol) of Tl{lll)Cl 3 .3THF. Both flasks were cooled to -60°C and the organopotassium com- 
pound was then added to the Ti(lll)CI 3 suspension. The reaction mixture containing 1-(dimethylaminoethyI)-2,3,5-tri 
(2-butyl)cyclopentadienyrtitanium(lll) dichloride was slowly brought to room temperature, after which stirring was con- 
tinued for a further 18 hours. This was followed by cooling to -60°C and 22.3 mL of methyllithium (1 .827 M in diethyl 
45 ether; 40.7 mmol) were then added. After 2 hours' stirring at room temperature, the solvent was removed and the 
residue was dried in vacuo for 18 hours. To the product, 700 mL of petroleum ether were then added, followed by 
filtration. The filtrate was boiled down and dried in vacuo for 2 days. There remained 7.93 g of a brown/black oil con- 
taining [1-(dimethylaminoethyl)2,3,5-tri(2-butyl)cycIopentadienyl]dimethyltitanium(lll). 

so Example XXIV 

Preparation of (dimethylaminoethvndi(3-pentyl)-cvclopentadiene 

[0087] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)di(2-propyl)cyclopentadiene. 
55 The conversion was 99%. The (dimethylaminoethyl)di(3-pentyl)cyclopentadiene was obtained after preparative column 
purification on silica gel using, successively, petroleum ether (40-60°C) and THF, the yield being 85%. 
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Example XXV 

Preparation of fdi-n-butvlaminoethvl)-di-(3-pentvl)-cvclopentadiene 

[0088] The reaction was carried out in a manner identical to that for (di-n-butylaminoethyl)di(2-pentyl)cyclopentadi- 
ene. The conversion was 95%. The product was obtained after preparative column purification on silica gel using, 
successively, petroleum ether (40-60° C) and THF, the yield being 75%. 

Example XXVI 

Preparation of (2-dimethyiaminoethvl)-trh(3-pentvl)-cyclopentadiene 

[0089] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)tri(2-propyl)cyclopentadi- 
ene. The conversion was 94%. The (2-dimethylaminoethyl)-tri-(3-pentyl)cyclopentadiene was obtained after prepara- 
tive column purification on silica gel using, successively, petroleum ether (40-60°C) and THF, the yield being 61%. 

Example XXVII 

a. Preparation of eye lohexvlfdimethvlaminoethvn-di-(2-propyl)cvc lope ntadiene 

[0090] in a Schlenk vessel, at room temperature a solution of n-butyllithium in hexane (25.0 mL; 1.6 mol/L; 40.0 
mmol) was added dropwise to a solution of cyclohexyldiisopropyl-cyclopentadiene (9.28 g; 40.0 mmol) in dry THF (150 
mL). Then, in another Schlenk vessel, a solution of n-butyt-lithium in hexane (25.0 mL; 1.6 mol/L; 40.0 mmol) was 
added dropwise to a cold (-78°C) solution of dimethyi-aminoethanol (3.56 g; 40.0 mmol) in THF (100 mL). After an 
hour and a half's stirring at room temperature, the mixture was again cooled to -78°C and the solid tosyl chloride (8.10 
g; 40.0 mmol) was added slowly. The mixture was brought to 0°C, being stirred for 5 minutes in the process, again 
cooled to -78°C, and then the mixture from the first Schlenk vessel was added all at once. After 16 hours' stirring at 
room temperature the conversion was 100%. After column chromatography 11.1 g of cyclohexyl(dimethylaminoethyl)- 
di-(2-propyl)cyclopentadiene were obtained. 

b. Synthesis of 1-(dimethvlaminoethvl)-4-cvclohexvl-2,5-di(2-propvl)cvclopentadienyltitanium(lin dichloride and [1- 
(dimethvlaminoethyl)-4-cvclohexvl-2,5-di(2-propyl)cvclopentadienvl1dimethvltitaniumflll) 

[0091] 

[C 5 H(c-Hex)(2-C 3 H 7 ) 2 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 

and 

[C 5 H(c-Hex)(2-C 3 H 7 ) 2 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0092] To lithium (dimethylaminoethyl)cyclohexyldi(2-propyl)cyclopentadiene (2.18 g, 7.20 mmol), dissolved in 20 
mL of tetrahydrofuran, a cooled slurry (-70°C) of Ti(lll)CI 3 .3THF (2.67 g, 7.20 mmol) in 20 mL of THF was added at 
-70°C. The dark-green solution formed was stirred for 72 hours at room temperature. After this had been boiled down, 
30 mL of petroleum ether (40-60) were added. After evaporating to dryness once more, a green powder (2.37 g) was 
obtained, containing 1 -(dimethylaminoethyl)-4-cyclohexyl)-2,5-di(2-propyl)cyclopentadienyltitanium(lll) dichloride[Iith- 
ium chloride]. 

To a slurry, cooled to -70°C, of 0.63 g (1 . 36 mmol) of the [1 -(dimethylaminoethyl)-4-cyclohexyl-2,5-di(2-propyl)cyclopen- 
tadienyltitanium(lll) dichloride].[lithium chloride] obtained above in 30 mL of diethyl ether, 1 .70 mL of methyllithium (1 .6 
M in diethyl ether, (2.72 mmol) was added dropwise. The green -brown slurry immediately darkened. Then the mixture 
was stirred for 1 hour at room temperature, boiled down to dryness and dissolved in 40 mL of petroleum ether. After 
filtration and complete evaporation of the solvent a black powder (0.47 g, 1.22 mmol) was obtained containing 1- 
(dimethylaminoethyl)-4-cyclohexyl-2,5-di(2-propyi)cyclopentadienyltitanium(lll) dimethyl. 



16 



EP 0 805 142 B1 

Example XXVIII 

Preparation of (di-n-butylaminoethvl)di(2-propvl)-cvclopentadiene 

s [0093] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)di(2-propyl)cyclopentadiene, 
the tosylate of N,N-di-n-butylaminoethanol being prepared in situ. The conversion was 94%. The non-geminal di-n- 
butylaminoethyldi(2-propy!)cyclopentadiene was obtained by distillation with a yield of 53%. 

Example XXIX 

10 . r 

Preparation of (dimethylaminoethyl)-tri-(2-pentyl)Tcyclopentadiene 

[0094] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)tri(2-propyl)cyclopentadi- 
ene. The conversion was 90%. The (dimethylaminoethyl)-tri-(2-pentyl)cyclopentadiene was obtained after preparative 
'5 column purification on silica gel using, successively, petroleum ether (40-60°C) and THF, the yield being 57%, 

Example XXX 

a. Preparation of bisfdimethylaminoethvOtriisopropylcvclopentadiene 

20 

[0095] In a dry 500 ml_ three-necked flask with a magnetic stirrer, a solution of 62.5 mL of n-butyllithium (1 .6 M in n- 
hexane; 100 mmol) was added undera dry nitrogen atmosphere to a solution of 19.2 g (100 mmol) of triisopropylcy- 
clopentadiene in 250 mL of THF af-60°C. After heating to room temperature (in approximately 1 hour) stirring continued 
for a further 2 hours. After cooling to -60°C, a solution of (dimethylaminoethyl) tosylate (105 mmol) prepared in situ 

25 was added over a period of 5 minutes. The reaction mixture was heated to room temperature, followed by overnight 
•stirring. After addition of water, the product was extracted with petroleum ether (40-60 5 C). The combined organic layer 
was dried (Na 2 S0 4 ) and evaporated to dryness under reduced pressure. The conversion was greater than 95%. A 
portion of the product thus obtained (10.1 g; 38.2 mmol) was again alkylated under the same conditions with (dimeth- 
ylaminoethyljtosylate (39.0 mmol). The bis(2-dimethylaminoethyl)triisopropylcyclopentadiene was obtained with a yield 

30 of 35% via column chromatography. 

b. Synthesis of f1,3-bis(dimethvlaminoethvn-2,4,5-tri(2-propvncvclopentadienyltitanium(lll) dichloride and f 1 ,3-bis 
(dimethvlaminoethyl)-2,4 ( 5-tri(2-propvl)cvclopentadienvlldimethyltitanium(lll) 

35 [0096] 

[C s (2-C 3 H 7 ) 3 ((CH 2 ) 2 NMe 2 ) 2 Ti(ll!)CI 2 ] 

40 and 

[C 5 (2-C 3 H 7 ) 3 ((CH 2 ) 2 NMe 2 ) 2 Ti(lll)Me 2 ] 

45 [0097] In a 500 mL 3-necked flask 200 mL of petroleum ether were added to 3.38 g (10.1 mmol) of the potassium 
1,3-bis(dimethylaminoethyI)-2,4,5-tri(2-propyl)cyclopentadienyl. In a second (1 L) 3-necked flask, 300 ml of tetrahy- 
drofuran were added to 3.75 g (10.1 mmol) of Ti(lll)CI 3 .3THF. Both flasks were cooled to -60°C and the organopotas- 
sium compound was then added to the Ti(lll)CI 3 suspension. The reaction mixture containing l-(dimethylaminoethyl)- 
2,3 1 5-tri(2-propyl)cyclopentadienyltitanium(tll) dichloride was slowly brought to room temperature, after which stirring 

so was continued for a further 18 hours. This was followed by cooling to -60° C and 11 .0 mL of methyllithium (1 .827 M in 
diethyl ether; 20.1 mmol) were then added. After 2 hours' stirring at room temperature, the solvent was removed and 
the residue was dried in vacuo for 18 hours. To the product, 700 mL of petroleum ether were then added, followed by 
filtration. The filtrate was boiled down and dried in vacuo for 2 days. There remained 3.62 g of a brown/black oil con- 
taining [1,3-bis(dimethylaminoethyl)-2,4,5-tri(2-propyl)cyclopentadienyl]dimethyltitanium(lll). 

55 
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Example XXXI 

a. Preparation of (dimethvlaminoethyntricvclohexylcvclopentadiene 

[0098] The reaction was carried out in a manner identical to that for (dimethylaminoethyl)dicyclohexyicyclopentadi- 
ene. The conversion was 91%. The product was obtained via preparative column purification on silica gel using, suc- 
cessively, petroleum ether (40-60°C) and THF as the eluent, the yield being 80%. 

b. Synthesis of 1-fdimethvlaminoethvl)-2,a5-tricvclohexvlcvclopentadienyltitanium(lin dichloride and [1- 
fdimethvlaminoethvl)-2,3,5-tricvclohexvicvclopentadienylldimethvltitanium(HI) 

[0099] 

[C 5 H(c-Hex) 3 (CH 2 ) 2 NMe 2 Ti(III)CI 2 ] 

and 

[C 5 H(c-Hex) 3 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0100] To lithium (dimethylaminoethyl)tricyclohexylcyclopentadiene (2.11 g, 5.70 mmol), dissolved in 20 ml_ of tet- 
rahydrofuran, a cooled slurry (-70°C) of H(lll)Cl 3 .3THF (2.11 g, 5.70 mmol) in 20 mL of THF was added at -70°C. The 
dark-green solution formed was stirred for 72 hours at room temperature. After this had been boiled down, 30 mL of 
petroleum ether (40-60°C) were added. After evaporating to dryness once more, a mint-green powder (2.80 g) was 
obtained, containing 1-(dimethylaminoethyl)-2 ( 3,5-tricyclohexylcyclopentadienyltitanium(lll) dichloride. To a slurry, 
cooled to -70°C, of 0.50 g (0.922 mmol) of the [1 -(dimethylaminoethyl)-2,3,5-tricyclohexylcyclopentadienyl-titanium(lll) 
dichloride]. [lithium chloride] obtained above in 30 mL of diethyl ether, 1.15 mL of methyllithium (1.6 M in diethyl ether, 
1 .84 mmol) was added drop wise. The green -brown slurry immediately darkened. Then the mixture was stirred for 1 
hour at room temperature, boiled down to dryness and dissolved in 40 mL of petroleum ether After filtration and com- 
plete evaporation of the solvent a black powder (0.40 g, 0.87 mmoi) was obtained containing 1 -(dimethylaminoethyl) 
tricyclohexy Icyclopentadieny ITi (I I l)dimethyl. 

Example XXXI I 

a. Preparation of (di-n-butvlaminoethvn-tri-(2-pentvl)cvclopentadiene 

[0101] The reaction was carried out in a manner identical to that for (di-n-butylaminoethyl)-di-(3-pentyl)cyclopenta- 
diene. The conversion was 88%. The (2-di-n-butylaminoethyl)-di-(2-pentyl)cyclopentadiene was obtained after prepar- 
ative column purification on silica gel using, successively, petroleum ether (40-60° C) and THF, followed by distillation 
under reduced pressure, the yield being 51%. 

b. Synthesis of 1-(di-n-butvlaminoethvl)-2,3,5-tri(2-pentvl)cvclopentadienyftitanium(lll) dichloride 
[0102] 

[CgH^-C^ ) 3 (CH 2 ) 2 N(n-Bu) 2 Ti(lll)CI 2 ] 

[0103] 2.633 g (6.11 mmol) of (di-n-butylaminoethyl)tri-(2-pentyl)cyclopentadiene were dissolved in 50 mL of diethyl 
ether and cooled to -78°C. Then 3.8 mL of n-butyllithium (1 .6 M in hexane; 6.11 mmol) were added. After stirring for 
18 hours at room temperature, the clear pale-yellow solution was boiled down followed by washing once with 25 mL 
of petroleum ether. The solvent was then completely evaporated, leaving behind 1 .58 g of a yellow oil containing lithium 
1 -(di-n-butylaminoethyl)-2,3,5-tri(2-pentyl)cyclopentadienyl. Then the organolithium compound was dissolved in 50 mL 
of tetrahydrofuran and added, at -78°C, to 9.23 g (24.9 mmol) of T1(III)CI 3 .3THF in 50 mL of tetrahydrofuran. After 18 
hours' stirring at room temperature a dark-green solution had formed. After this solution had been completely boiled 
down, 1.52 g of a green oil remained, containing 1-(di-n-butylaminoethyl)-2,3,5-tri(2-pentyl)cyclopentadienyl-titanium 
(III) dichloride. 
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Example XXXIII 

a. Preparation of (dimethvlaminoethyl)tetraethylcvclopentadiene 

s [0104] In a Schlenk vessel, a solution of n-butyllithium in hexane (6.00 mL; 1 .65 mol/L; 9.90 mmol) was added drop- 
wise to a solution of tetraethylcyclopentadiene (2.066 g; 11.6 mmol) in dry THF (20 mL) at room temperature. 
[0105] Then, in a second Schlenk vessel, a solution of n-butyllithium in hexane (5.90 mL; 1.65 mol/L; 9.74 mmol) 
was added dropwise to a cold (-78°C) solution of 2-dimethyl-aminoethanol (0.867 g; 974 mmol) in THF (35 mL). After 
two hours' stirring at room temperature, the mixture was again cooled to -78°C and the solid tosyl chloride (1.855 g; 

10 9.74 mmol) was added slowly. The mixture was brought to 0°C, being stirred for 5 minutes in the process, and the 
mixture from the first Schlenk vessel was then added all at once. After 1 6 hours the conversion was 1 00%. After column 
chromatography 2.6 g of (dimethylaminoethyl)tetraethylcyclopentadiene were obtained. 

b. Synthesis of 1-(dimethvlaminoethvlV2,3,4,5-tetraethvlcvclopentadienyltitanium(IM) dichloride and f1- 
f5 (dimethvlaminoethvD^.a.^S-tetraethvlcyclopentadienvlldimethvl-titaniumdll) 

[0106] 

20 > [C 5 Et 4 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 

and „. 

2S [C 5 Et 4 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0107] In a Schlenk vessel, 0.38 g of (dimethylaminoethyl)tetraethylcyclopentadiene(l .523 mmol) was dissolved in 
20 mL of diethyl ether and the solution was then cooled to -60°C. Then 0.95 mL of n-butyllithium (1.6 M in hexane; 
1 .52 mmol) were added dropwise. After 30 minutes, cooling was stopped, followed by 1 hour's stirring at room tem- 

30 perature. In a second Schlenk vessel 30 mL of tetrahydrofuran were added to 0.57 g (1 .538 mmol) of 7i(lll)CI 3 .3THR 
Both Schlenk vessels were cooled to -60°C and the organolithium compound was then added to the Ti(lll)CI 3 suspen- 
sion. The reaction mixture was then stirred for 1 8 hours at room temperature, after which the solvent was evaporated. 
To the residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. The residue 
was a green solid containing 1-(dimethylaminoethyl)-2,3,4,5-tetraethylcyclopentadienyltitanium(lll) dichloride. 

35 [0108] 20 mL of diethyl ether were added to 0.25 g (0.68 mmol) of the product. After cooling to -60°C, 0.85 mL of 
methyllithium (1.6 M in diethyl ether; 1.36 mmol) was added, followed by three hours' stirring at room temperature. 
Then the solvent was removed under reduced pressure. After addition of petroleum ether, filtration and boiling down, 
0.17 g of a dark oil was obtained, containing 1 -[(dimethyl-am inoethy I) -2,3,4, 5-tetraethylcyc lopentadienyl]dimethyltita- 
nium(lll). 

40 

Example XXXIV 

a. Preparation of dimethylaminoethyOtetra-n-octylcvclopentadiene 

45 [0109] In a Schlenk vessel, a solution of n-butyllithium in hexane (24.8 mL; 1 .6 mol/L; 39.6 mmol) was addeddropwise 
to a solution of tetra-n-octylcyclopentadiene (20.4 g; 39.6 mmol) in dry THF (100 mL) at room temperature. 
[0110] Then, in a second Schlenk vessel, a solution of n-butyllithium in hexane (24.6 mL; 1 .6 mol/L; 39.6 mmol) was 
added dropwise to a cold (-78°C) solution of 2-dimethylaminoethanol (3.53 g; 39.6 mmol) in THF (30 mL). After two 
hours' stirring at room temperature, the mixture was again cooled to -78°C and the solid tosyl chloride (7.54 g; 39.6 

so mmol) was added slowly. The mixture was brought to 0°C, being stirred for 5 minutes in the process, and the mixture 
from the first Schlenk vessel was then added all at once. After 16 hours the conversion was 87%. After column chro- 
matography 19.2 g of (dimethylaminoethyl)tetra-n-octyl-cyclopentadiene were obtained. 

Example XXXV 

55 

a. Preparation of (dimethvlaminoethvl)tetra-n-propylcyclopentadiene 

[0111] In a 500 mL 3-neck flask, a solution of n-butyllithium in hexane (93.8 mL; 1.6 mol/L; 150 mmol) was added 
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dropwise to a solution of tetra-n-propylcyclopentadiene (35.0 g; 150 mmol) in dry THF (200 ml_) at room temperature. 
[0112] Then, in a second Schlenk vessel, a solution of n-butyllithium in hexane (93.8 mL; 1 .6 mol/L; 150 mmol) was 
added dropwise to a cold (-78°C) solution of 2-dimethylaminoethanof (13.35 g; 150 mmol) in THF (100 mL). After two 
hours' stirring at room temperature, the mixture was again cooled to -78°C and the solid tosyl chloride (28.5 g; 150 
5 mmol) was added slowly. The mixture was brought to -20° C, being stirred for 5 minutes in the process, and the mixture 
from the first Schlenk vessel was then added. After 16 hours the conversion was 97%. After column chromatography 
39.6 g of (dimethylaminoethyl)tetra-n-propylcyclopentadiene were obtained. 

b. Synthesis of 1-(dimethvlaminoethvl)-2,3,4,5-tetra-n-propylcvclopentadienvltitanium(lli) dichloride and [1- 
io (dimethvlaminoethvl)-2,3 ( 4,5-tetra-n-propvlcvclopentadienyl1dimethvltitanium (III) 

[0113] 

1S [C 5 (n-Pr) 4 (CH 2 ) 2 NMe 2 Ti(lll)CI 2 ] 
and 

20 * [C 5 (n-Pr) 4 (CH 2 ) 2 NMe 2 Ti(lll)Me 2 ] 

[0114] In a Schlenk vessel, 0.62 g of (dimethylaminoethyl)tetra(n-propyl)cyclopentadiene (2.03 mmol) was dissolved 
in 20 mL of diethyl ether and the solution was then cooled to -60°C. Then 1,27 mL of n-butyllithium (1 .6 M in hexane; 
2.03 mmol) were added dropwise. After 30 minutes cooling was stopped, followed by 1 hour's stirring at room temper- 
as ature. In a second Schlenk vessel 30 mL of tetrahydrofuran were added to 0.75 g (2.03 mmol) of Ti(lll)CI 3 .3THF. Both 
Schlenk vessels were cooled to -60° C and the organolithium compound was then added to the Ti(lll)CI 3 suspension. 
The reaction mixture was then stirred for 18 hours at room temperature, after which the solvent was evaporated. To 
the residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. The residue was 
a green oil containing ^(dimethylaminoethylJ^.S^.S-tetra-n-propylcyclopentadienyltitaniumflil) dichloride. 20 mL of 
30 diethyl ether were added to 0.51 g (1 .01 mmol) of the product. After cooling to -60°C, 1 .26 mL of methyllithium (1.6 M 
in diethyl ether; 2.02 mmol) was added, followed by three hours' stirring at room temperature. Then the solvent was 
removed under reduced pressure. After addition of petroleum ether, filtration and boiling down, 0.31 g of a dark oil was 
obtained, containing 1 -[(dimethylaminoethyl)-2,3,4 ( 5-tetra-n-propylcyclopentadienyI]dimethyltitanium (HI) 

35 Example XXXVI 

Preparation of (dimethvlaminoethvl)di(2-phenylpropyl)cyclopentadiene 

[0115] 12.5 ml of a 1 .6 molar solution of n-butyllithium in hexane was added dropwise to a cooled (0°C) solution of 
40 di-(2-phenyl-propyl)cyc!opentadiene (6.05 g; 20.0 mmol) in dry tetrahydrofuran (100 ml) under a nitrogen atmosphere 
in a 250 ml three-necked round-bottomed flask provided with a magnetic stirrer and a dropping funnel. After 24 hours' 
stirring at room temperature, a solution of 2-(dimethyl-aminoethyl) tosylate (20.0 mmol), prepared in situ, in THF/hexane 
was added. After 18 hours' stirring the conversion was found to be 90%, and water (100 ml) was carefully added 
dropwise to the reaction mixture and the tetrahydrofuran was then distilled off. The crude product was extracted with 
45 ether and the combined organic phase was then dried (on sodium sulphate) and boiled down. The residue was purified 
on a silica gel column, which resulted in 5.98 grams (80%) of (dimethylaminoethyl)di(2-phenylpropyl)cyclopentadiene. 

Example XXXVII 

50 Preparation of ((dimethvlaminoethvl)di(2-phenvl-propyl)cvclopentadienyl)titanium dichloride 

[0116] To (dimethylaminoethyI)di(2-phenylpropyl)cyclopentadiene (1.12 gram, 3 mmol), dissolved in 20 mL of tet- 
rahydrofuran, 1.87 mL of a 1 .6 molar butyllithium-in- hexane solution were added at 0°C (ice bath). After 15 minutes' 
stirring, this mixture was cooled further to -78 0 C, and a slurry, likewise cooled to -78°C, of Ti(lll)CI 3 .3THF (1.11 g, 3 
55 mmol) in 20 mL of THF was added. The cooling bath was removed, and the dark-green solution formed was stirred 
for 72 hours at room temperature. After this had been boiled down, 30 mL of petroleum ether (40-60) were added. 
After evaporation to dryness once more, a green powder (1.19 g) was obtained, containing ((dimethylaminoethyl)di 
(2-phenyl-propyl)cyclopentadienyl)titanium dichloride. 
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Example XXXVIII 

a. Preparation of (dimethylaminoethvl)di(1,1-dimethvlpropvl)cvclopentadiene 

s [0117] 25 rrtL of a 16 molar solution of n-butyllithium in hexane was added dropwise to a cooled (0°C) solution of 
di-(1,1-dimethyl-propyl)cyclopentadiene (8.25 g; 40.0 mmol) in dry tetrahydrofuran (125 ml) under a nitrogen atmos- 
phere in a 250 ml three-necked round-bottomed flask provided with a magnetic stirrer and a dropping funnel. After 24 
hours' stirring at room temperature, a solution of 2-(dimethylaminoethyl) tosylate (40.0 mmol), prepared in situ, in THF/ 
hexane was added. After 18 hours' stirring the conversion was found to be 91%, and water (100 mL) was carefully 

to added dropwise to the reaction mixture and the tetrahydrofuran was then distilled off. The crude product was extracted 
with ether and the combined organic phase was then dried (on sodium sulphate) and boiled down. The residue was 
purified on a silica gel column, which resulted in 9.1 grams (82%) of (dimethylaminoethyl)di(1,1-dimethyl-propyl)cy- 
clopentadiene. 

is b. Synthesis of (fdimethvlaminoethvl)di(1,1-dimethvlpropvl)cvclopentadienyl)titanium dichloride 

[0118] To (dimethylaminoethyl)di(1,1-dimethylpropyl)cyclopentadiene (1.39 gram, 5 mmol), dissolved in 20 mLof 
tetrahydrofuran, 3.1 mL of a 1 .6 molar butyliithium-in-hexane solution were added at 0°C (ice bath). After 15 minutes' 
stirring, this mixture was cooled further to -78*C, and a slurry, likewise cooled to -78°C, of Ti(lll)Cl3.3THF (1.86 g, 5 
20 mmol) in 20 mL of THF was added. The cooling bath, was removed, and the dark-green solution formed was stirred 
for 72 hours at room temperature. : After this had been boiled down, 30 mL of petroleum ether (40-60) were added. 
After evaporation to dryness once more, a green powder (1.68 g) was obtained, containing (dimethylaminoethyl)di 
(1,1 -dimethyl -propyl )cyclopentadienyl)titani urn dichloride. 

25 Example XXXIX 

a. Preparation of (dimethvlaminomethvl)di(1-methyl-1-ethvlpropyl)cvclopentadiene 

[0119] The preparation was carried out as in Example XXXVII, but now using 7.03 grams of di(1 -methyl-1 -ethyl- 
30 propyl)cyclopentadiene (30 mmol), 30 mol of 2-(dimethylaminoethyl) tosylate and 1 8.7 mLof 1 .6 M butyllithium solution. 
In the first instance 90%, and after purification on the column 79% (7.24 grams), of (dimethylaminomethyl)di(1 -methyl- 
1 -ethylpropyl)cyclopentadiene were obtained. 

b. Synthesis of ((dimethylaminoethvl)di(l-m ethyl- 1-ethyl-propyl)cvclopentadienyl)titanium dichloride 

35 

[0120] The synthesis was carried out as in Example XXXVIII, but now using: 1.53 grams of (dimethyl aminomethyi) 
di(1 -methyl-1 -ethyl-propyl)cyclopentadiene. 1.76 grams of ((dimethylaminoehyl)di(l -methyl-1 -ethyl-propyl)cyclopen- 
tadienyl)titanium dichloride were obtained. 

40 Example XXXX 

Preparation of ligands from alkenyllithium compounds and esters 

Preparation of (N, N-di-n-decvlaminoethyl)tetramethylcyclopentadiene 

45 

[0121] In a three-necked flask, 1 .5 g (216 mmol) of Li wire were added to 200 mL of diethyl ether. The solution was 
cooled to 0°C, followed by slow dropwise addition of 10.0 mL (98 mmol) of 2-bromo-2-butene. Stirring continued at 
room temperature for 30 minutes. The solution became green/yellow in colour. Then the solution was cooled to -25° C 
and 1 3.05 grams (33.89 mmol) of N,N-di-n-decylaminoethyl propionate were slowly added dropwise with cooling. The 

so temperature rose to 0*C. The reaction mixture was then stirred for a further 5 minutes at room temperature, followed 
by slow dropwise addition of 20 mL of water. The water and ether layers were separated, and the water layer was 
extracted with 2 x 50 mL of diethyl ether. The collected ether layer was dried (MgS0 4 ), filtered and boiled down. The 
residue was a pale-yellow liquid containing 4-(N,N-di-n-decylaminoethyl)-4-hydroxy-hepta-2,5-diene, which was char- 
acterized via NMR The yield was 15.0 grams. In a three-necked flask, 10.0 grams of p-toluenesulphonic acid mono- 

55 hydrate (52.6 mmol) were dissolved in 150 mL of diethyl ether. To this, 15.0 g of the obtained carbinol (32.49 mmol) 
were added dropwise. During the dropwise addition a white suspension was formed. This was followed by two hours' 
stirring at room temperature. The solution was neutralized with Na^C^ solution. The water and ether layers were 
separated, and the water layer was extracted with 2 x 50 mL of diethyl ether. The collected ether layers were dried, 
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and the drying agent was filtered off. Then the diethyl ether was evaporated. The residue contained carbinol (30%) 
and ligand (70%). Yield: 11 grams of crude product (76%). 5 grams of this crude mixture were purified by column 
chromatography to give 3 g of pure ligand. According to this method, the following ligands were synthesized (Cp' = 
Me 4 C 5 ;Et = (CH 2 ) 2 ): 



op tiiN( t etnyi)2 


Yieia 


(oUTo) 


fEUVMe^C«-fCi-LUNMe« 

V 2/ 5V ip/2 2 


Yield 


(15%) 


Cp' EtN(iButyl) 2 


Yield 


(20%) 


Cp' CH(CH 3 )CH 2 N{ethyl) 2 


Yield 


(30%) 


Cp' EtN(Me)Pr 


Yield 


(15%) 


Cp* EtN(n-Bu) 2 


Yield 


(50%) 


Cp' EtN(cyclohexyl) 2 


Yield 


(30%) 


Cp* EtN(secButyl) 2 


Yield 


(15%) 


Cp'EtN(ethyl)(phenyl) 


Yield 


(10%) 


Cp'EtN(iPropyl)(cyclohexyl) 


Yield 


(15%) 


Cp* EtN(Me)(ethylphenyl) 


Yield 


(25%) 


Cp' EtN(2-methoxyethyl) 2 - 


Yield 


(25%) 



Example XXXXI 

a. Preparation of (N.N'.N'-trimethvl-S.e-diazaheptvhtetramethvlcyclopentadiene 

[0122] From 2-lithium-2-butene and EtOC(0)CH 2 CH 2 N(Me)CH 2 CH 2 NMe 2 , the compound specified in the opening 
lines was prepared by the method described in DE-A-4303647, with a yield of 25% based on the amount of ester used 
as a starting material. 

b. Synthesis of ri-fN t N\N^rimethvl-3,6<jiazahepWIV2,3,4,5-tetramethvlcvclopentadienvl1dichlorotitanium (III) 
[0123] 

[C B Mo 4 {(CH 2 ) 2 N(CHg)(CH 2 ) 2 N(CH 3 ) 2 Ti(lll)Cy 

[0124] In a Schlenk vessel, 0.21 g (0.838 mmol) of (N.N 1 ,N'-trimethyl-3 t 6-diazaheptyl)tetramethylcyclopentadiene 
was dissolved in 15 mL of tetrahydrofuran and the solution was then cooled to -60°C. Then 0.52 mt_ of n-butyllithium 
(1.6 M in hexane; 0.832 mmol) were added dropwise. After 2.5 hours cooling was stopped, followed by 30 minutes' 
stirring at room temperature. In a second Schlenk vessel 1 5 mL of tetrahydrofuran were added to 0.31 g (0.836 mmol) 
of Ti(NI)CI 3 .3THR Both Schlenk vessels were cooled to -60° C and the organolithium compound was then added to the 
Ti(lll)CI 3 suspension. After 2 hours cooling was stopped, followed by a further 2 hours' stirring at room temperature. 
Then the solvent was evaporated. To the residue containing [1-(N,N\N' -trimethyl-3,6-diazaheptyl)-2,3,4,5-tetrameth- 
ylcyclopentadienyl]titanium(l!l) dichloride, 40 ml of petroleum ether were added which were subsequently evaporated 
again. The synthesized catalyst was not worked up further. 

Example XXXXI I 

a. Preparation of 1-(N-methvl-N-(dioxolvlmethvl)ethvn2,3,4.5-tetramethvlcvcbpentadienyltitanium(MI) dichloride 
[0125] 

[C 5 Me 4 (CH 2 ) 2 N(Me)(CH 2 C 3 H 5 0 2 ))(Ti(lll)CI 2 ] 

[01 26] To 0.36 g (1 . 33 mmol) of lithium 1 -(N-methyl-N-(dioxolylmethyl)ethyl)-2 t 3,4 ( 5-tetramethylcyc!opentadienyl, 40 
mL of petroleum ether were added in a Schlenk vessel. 

To 0.50 g of Ti(lll)CI 3 .3THF (1.35 mmol), 30 mL of tetrahydrofuran were added in a second Schlenk vessel. Both 
Schlenk vessels were cooled to -60 0 C, and the organolithium compound was then added to the Ti(lll)CI 3 suspension. 
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The reaction mixture was stirred at room temperature for 18 hours and the solvent was then evaporated. 50 mL of 
petroleum ether were added to the residue, followed by evaporation once more. The residue was a green solid, con- 
taining 1-((N-methyl-N-(dioxolylmeto dichloride. 

s Example XXXXIII 

a. Preparation of 1 .2,3,4-tetramethvl'5(2-chloroethyl)-cvclopentadiene 

[01 27] A 1 -litre three-necked flask, provided with a dropping funnel, condenser, mechanical stirrer and nitrogen inlet, 
10 was charged with 30.5 g of 1 ,2,3,4-tetramethylcyclopehtadiene(0.25 mol), dissolved in 700 mL of ethoxyethane, and 
cooled to 2°C. Then 160 ml of n-buty I lithium (1.6 M in hexane; 0.26 mol) were added dropwise in 2 hours, followed by 
1 8 hours' stirring at room temperature with the aid of a mechanical stirrer. Then 36.0 g of l-bromo-2-chloroethane (0.25 
mol) were added all at once. The reaction mixture was stirred at room temperature for 1 0 days. GC analysis of a sample 
showed that the conversion of the tetrarnethylcyclopentadiene was 91%. 100 ml of water were added to the reaction 
'5 mixture, followed by separation of the water phase and the organic phase. The organic layer was washed once with 
50 ml of saturated aqueous sodium chloride solution, dried (with sodium sulphate), filtered and boiled down. The residue 
(43.9 g) proved to have the following composition, according to gas chromatography (GC) analysis: apart from the 
starting materials 1 -bromo-2-chloroethane (9 wt %) and 1 ,2,3,4-tetramethylcyclopentadiene (9 wt %), only non-gemi- 
nally coupled product (84%) and geminally coupled product (16%) were found to be present. 

20 

b. Preparation of 4 < 5.6,7-tetramethyl-spirof2.41-hepta-2,4-diene 

[0128] The product obtained under a. (43.9 g), which according to GC analysis contains approximately 32 g of 
1,2,3,4-tetramethyl-5(2-chloroethyl)cyclopentadiene (0.175 mol), was dissolved in 300 ml of THF. The solution was 
25 cooled to -60°C, followed by dropwise addition of 115 ml of n-butyllithium (1.6 M in hexane; 0.184 mol). The reaction 
mixture was brought to room temperature, followed by 40 hours' stirring. 

[0129] The THF was evaporated and the residue was taken up in 200 ml of ethoxyethane. 100 ml of water were 
added and the water phase and organic phase were then separated. The organic phase was washed once with 100 
ml of water. The combined water layer was extracted once with ethoxyethane. The combined organic layer was washed 
30 once with 50 ml of saturated sodium chloride solution, dried (sodium sulphate), filtered and boiled down. The residue 
(43.2 g) was a pale-yellow liquid which was purified with the aid of column chromatography (silica gel, mobile solvent 
petroleum ether). The yield was 24.2 g of a colourless liquid which was characterized with the aid of 1 H-NMR and by 
means of GC-MS as 4,5,6,7-tetramethyl-spiro[2.4]-hepta-2,4-diene. The yield was 93%, based on the amount of 
1 ,2 ) 3,4-tetramethyl-5-(2-chloroethyl)cyc!opentadiene used, and 65% based on 1 ,2,3,4-tetramethylcyclopentadiene. 

35 

c. Synthesis of 1,2,3,4-tetramethvl-5(2-P ) P-diphenylphosphinoethyl)cyclopentadiene 

[0130] 3.87 g of diphenylphosphine (21 mmol) were dissolved, in a 100 ml reactor, in 25 ml of THF and cooled to 
2°C. Then 13.0 ml of n-butyllithium (1.6 M in hexane, 21 mmol) were added dropwise followed by stirring for half an 

40 hour at 2°C. Stirring then continued for 1 hour at room temperature. The dark-red mixture obtained was then cooled 
to -60°C. To this, 3.08 g of 4,5 1 6,7-tetramethyl-spiro[2.4]-hepta-2,4-diene (21 mmol) as obtained under b. were added 
all at once. The reaction mixture was brought to room temperature and stirred for 3 days. Then the THF was evaporated. 
[0131] The residue, a yellow solid, was washed twice with petroleum ether at 0°C. The solid was then suspended 
in 50 ml of ethoxyethane and 5 ml of water were added dropwise. The ether layer and water layer were separated. 

45 The water layer was extracted a further 3 times with 25 ml of ethoxyethane. The combined ether layers were then 
boiled down, whereupon 4.72 g of a pale-brown, clear viscous liquid were obtained. 

[0132] 31 P-NMR and 1 H-NMR analysis showed that the residue was 1,2 l 3,4-tetramethyl-5(2-P,P-dipheny!phosphi- 
noethyl)-cyclopentadiene. The yield of 1 f 2,3,4-tetramethyl-5(2-P,P-diphenylphosphinoethyl)cyclopentadiene, based 
on the 4 I 5 t 6,7-tetramethyl-spiro[2.4]-hepta-2,4-diene ) was 67%. After GC analysis of the product, the purity was found 
so to be >98%. 

d. Synthesis of 1 ,2,3,4-tetramethvl-5(2-P,P-dimethvlphosphinoethyl)cyclopentadiene 

[01 33] Lithium dimethylphosphide was prepared by reaction of dimethylphenylphosphine and lithium, hydrolysis with 
ss water, distillation of dimethylphosphine and reaction of the latter with butyllithium (see Ta-shue Chou et al. in J. Org. 
Chem.50,4329 (1985)). 

[0134] In a 250 ml reactor, 8.12 g of dimethylphosphide solution in THF (14 mmol) were mixed with 25 ml of THF. 
The solution obtained was cooled to -90°C. To this solution, 1 .7 g of 4,5,6,7-tetramethyl-spiro[2.4]-hepta-2,4-diene (12 
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mmol) as obtained under b., was then added all at once. The reaction mixture was brought to room temperature and 
stirred for 2 days, followed by dropwise addition of 20 ml of water Then the THF was evaporated and the residue was 
extracted with ether (ethoxyethane). The combined ether layers were boiled down and the residue distilled in vacuo. 
[0135] The boiling point of the product was 51-52°C (at 0.01 mmHg). As 31 P-NMR and TH-NMR analysis showed, 
s the distilled product (1.13 g) was mainly 1,2,3 l 4-tetramethyi-5(2-P l P-dimethylphosphinoethyl)cyclopentadiene. The 
yield of 1,2,3,4-tetramethyl-5(2-RP-dimethylphosphinoethyl)-cyclopentadiene based on the 4,5,6,7-tetramethyl-spiro 
[2.4]-hepta-2,4-diene was 46%. After GC analysis the purity was found to be >95%. 

Example XXXXIV 

10 ■ : 

a. Preparation of (1,2,3,4-tetramethylcyclopentadien-5-vl)chloromethvldimethylsilane. 

[01 36] In a 1 500 ml reactor, 31 .0 g of tetramethylcyclopentadiene (0.24 mol) were dissolved in 500 ml of tetrahydro- 
f uran (THF) and cooled to 2°C. Then 1 60 ml of n-butyllithium (1 .6M in hexane, 0.26 mol) were added dropwise, followed 
by stirring at room temperature for 18 hours with a mechanical stirrer. The reaction mixture obtained was cooled to 
-90°C. Then 36.3 g of chloromethyldimethylsilyl chloride (0.28 mol) were added all at once. Then the cooling bath was 
removed, the reaction mixture being allowed to come to room temperature, and being stirred, in total, for 18 hours. 
Then 200 ml of water were added. The THF was evaporated in a rotary evaporator, and the residue was extracted 3 
times with 200 ml of ethoxyethane. The combined ether layers were dried on sodium sulphate, the sodium sulphate 
20 was filtered off, and the filtrate was boiled down. The residue (58.0 g) had a purity of >98% (determined by means of 
gas chromatography (GC)) of (1,2,3,4-tetramethylcyciopentadien-5-yl)chloromethyldimethylsilane. 

b. Synthesis of (diphenylphosphinomethyl) (1 ^.S^-tetramethylcyclopentadien-S-vDdimethylsilane 

25 [0137] 15.9 g of diphenylphosphine (85 mmol) were dissolved in 100 ml of ether. The solution was cooled to 2°C, 
followed by dropwise addition of 53 ml of n-butyllithium (1.6M in hexane, 85 mmol). After this had been metered in, 
the mixture was stirred for half an hour at 2°C and then for 18 hours at room temperature (the lithiumdiphenylphosphine 
was not completely soluble). Then 100 ml of THF were added, a dark-red homogeneous solution being obtained as a 
result. This solution was added dropwise to a solution of 19.5 g (85 mmol) of (1,2,3,4-tetramethylcyclopentadien-5-yl) 

30 chloromethyldimethylsilane as obtained under a., in 150 ml of THF at 2°C. The reaction mixture was stirred for 18 
hours at room temperature, and the THF was then evaporated. 200 ml of petroleum ether were added to the residue, 
the precipitate was filtered off and the filtrate was boiled down. The residue was pure (diphenylphosphinomethyl) 
(1 } 2,3,4-tetramethylcyclopentadien-5-yl)dimethylsilane. The yield was 31.8 g. 

35 c. Synthesis of (1 1 2,3,4-tetramethylcyclopentadien-5-methylvl)(N,N-diisopropytamino)dimethylsilane. 

[0138] 1.22 g of diisopropylamine (12 mmol) was dissolved in 25 ml of THF and cooled to 2°C, Then 7.5 ml of n- 
butyllithium (1.6 M in hexane; 12 mmol) were added dropwise, followed by half an hour's stirring at room temperature. 
To the solution obtained, 2.70 g of (1 ,2,3,4-tetramethyl-cyclopentadien-5-yl)chloromethyldimethylsilane (1 2 mmol), as 
40 obtained under a., were added dropwise. The reaction mixture was stirred at room temperature for 1 8 hours. The THF 
was evaporated, and 100 ml of ether were added to the residue, after which the salts formed were filtered off and the 
filtrate was boiled down, 3.0 g of residue being obtained. GC analysis showed a conversion of 100% and a purity of 
>90% of (I^.S^-tetramethylcyclopentadien-S-methylyl) (N,N-diisopropylamino)dimethylsilane. 

45 d. Synthesis of (1 ,2,3,4-tetramethylcvclopentadien-5-methvlvl)(N,N-di-n-butvlamino)dimethvlsilane. 

[0139] The synthesis under c. was repeated, the starting materials being 1 .75 g (1 3.5 mmol) of di-n-butylamine and 
3.05 g of (1 ,2,3 t 4-tetramethylcyclopentadien-5-yl)-chloromethyldimethylsilane (1 3.3 mmol). GC analysis showed 100% 
conversion. After boiling down, 3.95 g of (1 ^.S^-tetramethylcyclopentadien-S-methylyl) (N.N-di-n-butylamino)dimeth- 
s o ylsilane were obtained. 

Example XXXXV 

Synthesis of 1 -fdiphenvlphosphinoethyD^.S^.S-tetramethvlcyclopentadienvltitaniumdll) dichloride 

£5 

[0140] 
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[C 5 Me 4 (CH 2 ) 2 PPh 2 Ti(lll)CI 2 ] 

[0141] In a Schlenk vessel, 1.14 g (3,408 mmol) of (diphenylphosphinoethyl)tetramethylcyclopentadiene were dis- 
s solved in 30 mL of diethyl ether and the solution was then cooled to -60°C. Then 2.1 3 rnL of n-butyllithium (1 .6M in 
hexane; 3.41 mmol) were added dropwise. The reaction mixture was slowly brought to room temperature, followed by 
2 hours' stirring. In a second Schlenk vessel 40 mL of tetrahydrofuran were added to 1 .26 g of Ti(lll)CI 3 .3THF (3,40 
mmol). Both Schlenk vessels were cooled to -60°C and the organolithium compound was then added to the Ti(lll)CI 3 
suspension. The reaction mixture was then stirred for 60 hours at room temperature', after which the solvent was 
10 evaporated. To the residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. 
There remained a green solid containing l-fdiphenylphosphinoethyl^.S^.S-tetramethylcyclopentadienyltitaniurntlll) 
dichloride. / 

Example XXXXVI 

15 

l-fdimethylphosphinoethvn^.S.A.S-tetramethvlcyclopentadienvltitaniumdll) dichloride 
[0142] 

20 [C 5 Me 4 (CH 2 ) 2 PMe 2 Ti(lll)CI 2 ] 

[01 43] In a Schlenk vessel, 0.78 g (3,709 mmol) of (dimethylphosphinoethyl)tetramethylcyclopentadiene was dis- 
solved in 30 mL of diethyl ether and the solution was then cooled to -60°C. Then 2.32 rnL of n-butyllithium (1.6M in 
2S hexane; 3.71 mmol) were added dropwise. The reaction mixture was slowly brought to room temperature, followed by 
■ 2 hours' stirring. A white suspension was produced. 

In asecond Schlenk vessel 40 mL of tetrahydrofuran were added to 1 .37 g of Ti(lll)CI 3 .3THF (3,70 mmol). Both Schlenk 
vessels were cooled to -60°C and the organolithium compound was then added to the Ti(HI)CI 3 suspension. The re- 
action mixture was then stirred for 18 hours at room temperature, after which the solvent was evaporated. To the 
30 residue 50 mL of petroleum ether were added, which was subsequently evaporated to dryness. There remained a 
green solid containing 1-(dtmethylphosphinoethyl)-2 p 3,4,5-tetramethylcyclopentadienyltitanium(HI) dichloride. 

Example XXXXVII 

35 Synthesis of [1 -f(2-diphenvlphosphino-1 -sila-1 ,1 -dimethyl)ethvl}-2,3,4,5-tetramethvlcyclopentadienylTtitanium(lll) 
dichloride and ri-f(2-diphenvlphosphino-1 -sila-1 ,1-dimethyl)ethvlV2,3.4,5-tetramethvlcyclopentadienvn- 
dimethvltitanium(lll) 

[0144] 

40 

[C 5 Me 4 (Si(CH 3 ) 2 CH 2 )PPh 2 Ti(lll)CI 2 ] 

and 

45 

[C 6 Me 4 (Si(CH 3 ) 2 CH 2 )PPh 2 Ti(lll)Me 2 ] 

[0145] To 1.57 g (4.15 mmol) of {(2-diphenylphosphino-1 -sila-1, 1-dimethyl)ethyl}tetramethylcyclopentadiene, dis- 
50 solved in 1 0 mL of diethyl ether, 8.3 mL of lithium-diisopropy (amide (0.5M in diethyl ether; 4. 1 5 mmol) were added at 
-7B g C. After 18 hours' stirring at room temperature, a turbid yellow/orange solution had formed. The diethyl ether was 
evaporated, and the residue was washed twice with petroleum ether. After this had been well boiled down, there re- 
mained 1.41 g of a pale-yellow crystalline product containing lithium {(2<liphenylphosphino-1 -sila-1, 1 -dimethyl) ethyl} 
tetrarnethylcyclopentadienyl. 

55 [0146] The organolithium compound was dissolved in 20 mL of tetrahydrofuran. Then the yellow/orange solution 
was added, at -78°C, to 1.36 g (3.76 mmol) of Ti(lll)CI 3 .3THF. The reaction mixture was then stirred for 3 hours in the 
cold bath and afterwards for 18 hours at room temperature. A dark-green solution had now formed, which was boiled 
down and washed twice with 10mL of petroleum ether. There now remained 1.5 g of a green solid containing 1-{ 
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(2-diphenylphosphino-1 -sila-1 , 1 <Jimethyl)ethyt}-2 1 3 ) 4 ( 5-tetramethylcyclopentadienyI]trtanium(lil) dichb^ 
[0147] To 0.534 g (1.08 mmol) of [1 -{(2-diphenylphosphino-l -sila-1 ,1 -dimethylJethylJ^.S^.S-tetramethylcyclopen- 
tadienyl]titanium(ltl) dichloridepthium chloride], 20 mL of diethylether were added, followed by the addition, at -70°C, 
of 1.35 mL of methyllithium (1.6 M in hexane; 2.16 mmol). After 2 hours' stirring at room temperature, the solvent was 
s removed and the residue dried for 2 hours in vacuo. 20 mL of petroleum ether were then added to the product, followed 
by filtration. The filtrate was boiled down, followed by drying for 18 hours in vacuo. There remained 0.42 g of a brown/ 
black oil containing [1 -{(2-diphenylphosphino-1 -sila-1 , 1 -dimethyl)ethyl}-2,3,4,5-tetramethylcyclopentadienyl]dimethyl- 
titanium(lll). 

10 Example XXXXV1N ■ 

Synthesis of [1 -{(2-dimethylphosphino-1 -sila-1 ,1 -dimethyl)ethyl}-2,3,4,5-tetramethylcyclopentadienyl]titanium(lll) 
dichloride 

15 [0148] 

[C 5 Me 4 (Si(CH 3 ) 2 CH 2 )PMe 2 Ti(III)CI 2 ] 

20 [0149] To 0.88 g (4.42 mmol) of {(2-dimethylphosphino-1 -sila-1 ,1-dimethyl)ethyl}tetramethylcyclopentadiene, dis- 
solved in 25 mL of diethyl ether, 8.8 mL of lithiumdiisopropylamide (0.5M in diethyl ether; 4.42 mmol) were added at 
-78°C. After 18 hours' stirring at room temperature, a clear pale-yellow solution had formed. The diethyl ether was 
evaporated. After this had been well boiled down, there remained 1.14 g of a yellow oil containing lithium {(2-dimeth- 
ylphosphino-1 -sila-1 , 1 -dimethyl )ethyl}tet ram ethyl-cyclopentadieny I. 

2$ [0150] The organolithium compound was dissolved in 20 mL of tetrahydrofuran. Then the yellow/orange solution 
was added, at -78°C, to 1 .36 g (3.76 mmol) of Ti(lll)CI 3 .3THF. The reaction mixture was then stirred for 3 hours in the 
cold bath and afterwards for 18 hours at room temperature. A dark-green solution had now formed, which was boiled 
down and washed twice with 10mL of petroleum ether. There now remained 1.5 g of a green solid containing [1-{ 
(2-dimethylphosphino-1 -sila-1 ,1 -dimethyl)ethyl}-2,3,4,5-tetramethylcyclopentadienylJtitanium(i 1 1) dichloride. 1.13 g 

30 (4.41 mmol) of the organolithium compound was dissolved in 30 mL of tetrahydrofuran and cooled to -78° C. This was 
then added to a cold suspension of 1.67 g (4.5 mmol) of Ti(lll)CI 3 .3THF in 25 mL of tetrahydrofuran, followed by 3 
hours' stirring at room temperature. The brown/green slurry was boiled down and washed twice with petroleum ether. 
Ultimately there remained 730 mg of a dark-green precipitate containing [1 -{(2-dimethylphosphino-1 -sila-1 ,1 -dimethyl) 
ethylJ^.S.^S-tetramethylcyclopentadienylltltaniumtlll) dichloride. 

35 

Example XXXXIX 

Synthesis of f1-((2^ibutvlamino-2-sila-2 l 2-dimethyl)ethvll-2,3 l 4,5-tetramethvlcvclopentadienylTtitanium(lll) dichloride 
40 [0151] 

[CMe4(CH 2 Si(CH 3 ) 2 )N(n-C 4 H 9 ) 2 Ti (lll)CI 2 ] 

45 [0152] 1.39 g (4.33 mmol) of ((2-dibutylamino-2-sila-2,2-dimethyl)ethyl}tetramethylcyclopentadiene was dissolved 
in 25 ml of diethyl ether, followed by the addition, at -78°C, of 9.0 mLof lithium dibutylamide (0.5M in diethyl ether; 4.5 
mmol). This reaction mixture was stirred for 18 hours, after which a turbid yellow suspension had formed. The solvent 
was removed, followed by washing with petroleum ether for a number of times. After boiling down completely there 
remained a yellow/brown oil containing lithium 1-{(2-dibutylamino-2-sila-2,2-dimethyl)ethyl}-2,3,4,5-tetramethylcy- 

so clopentadienyl. 4.33 mmol of the organolithium compound thus obtained were dissolved in 25 mL of tetrahydrofuran 
and, at -70°C, added to 1 .95 g (5.26 mmol) of Ti(lll)CI 3 .3THF in 25 mLjof tetrahydrofuran. After 3 hours' stirring at room 
temperature, the green/brown solution was completely boiled down and washed twice with 10 mL of petroleum ether. 
There remained 1.5 g of a red/brown oil containing 1-{(2-dibutylamino-2-sila-2 l 2-dimethyl)ethyl}-2,3 ) 4 ) 5-tetramethyl- 
cyclopentadienyltitanium(lll) dichloride. 

55 

Polymerization experiments L - LX 
[0153] 
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A. The copolymerization of ethylene with propylene was carried out in the following manner. 

A stainless steel reactor of 1 litre was charged, under dry N 2 , with 400 mL of pentamethylheptane (PMH) and 30 
uinol of triethylaluminium (TEA) or trioctylaluminium (TOA) as a scavenger. The reactor was pressurized to 0.9 
MPa with purified monomers and conditioned in such a way that the ratio propylene:ethylene in the gas above the 

s PMH was 1:1. The reactor contents were brought to the desired temperature while being stirred. 

After conditioning of the reactor, the metal complex (5 u/nol) to be used as catalyst component and the cocatalyst 
(30 ujtioI of BF^) were premixed over a period of 1 minute and fed to the reactor by means of a pump. The mixture 
was premixed in approximately 25 mL of PMH in a catalyst proportioning vessel and after-rinsing took place with 
approximately 75 mL of PMH, always under dry N 2 flow. 

10 During the polymerization the monomer concentrations were kept constant as far as possible by supplying the 

reactor with propylene (125 litres [s.t.p.]/hour.j and ethylene (125 litres [s.tp.J/hour). The reaction was monitored 
on the basis of the temperature trend and the progress of the monomer infeed. 

After 10 minutes' polymerization the monomer feed was stopped and the solution was drawn off under pressure 
and collected. The polymer was dried in vacuo for 16 hours at approximately 120°C. 

is 

B. The homopolymerization of ethylene and the copolymerization of ethylene with octene were carried out in the 
following manner. 

600 mL of an alkane mixture (pentamethylheptane or special boiling point solvent) were introduced as the 
reaction medium, under dry N 2 , into a stainless steel reactor having a volume of 1 .5 litres. Then the desired amount 
20 of dry octene was introduced into the reactor (this amount can therefore also be, zero). The reactor was then, with 

stirring, heated to the desired temperature under a desired ethylene pressure. 

Into a catalyst proportioning vessel having a volume of 100 mL, 25 mL of the alkane mixture were metered in as 
a solvent. Herein the desired amount of an Al-containing cocatalyst was premixed over a period of 1 minute with 
the desired quantity of metal complex, in such a way that the ratio Al/(metal in the complex) in the reaction mixture 
25 is equal to 2000. 

This mixture was then metered into the reactor, whereupon the polymerization started. The polymerization reaction 
thus started was carried out isothenmally The ethylene pressure was kept constant at the set pressure. After the 
desired reaction time the ethylene supply was stopped and the reaction mixture was drawn off and quenched with 
methanol. 

30 The reaction mixture containing methanol was washed with water and HCI, in order to remove residues of catalyst. 

Then the mixture was neutralized with NaHC0 3 , after which the organic fraction was admixed with an antioxidant 
(Irganox 1 076, registered trademark) in order to stabilize the polymer. The polymer was dried in vacuo for 24 hours 
at 70°C. 

In both cases the following conditions were varied: 

35 

metal complex 

type and quantity of scavenger 
type and quantity of cocatalyst 
temperature 

40 

The actual conditions are stated in Table I. 
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Claims 

1 . Metal complex in which just one polysubstituted cyclopentadiene-containing compound is present as a ligand, of 
which at least one substituent has the form -RDR' n , in which R is a linking group between the cyclopentadiene and 
the DR' n group, D is a hetero atom selected from group 15 or 16 of the Periodic System of the Elements, R' is a 
hydrocarbon radical containing 1-20 carbon atoms, eventually containing one or more hetero atoms from groups 
14 and/or 17 of the Periodic System of the Elements and n is the number of R' groups bound to D characterized 
in that the metal is not present in the highest valency state and that in the substituent -RDR' n = 2 if D is selected 
from group 15 and n = 1 if D is selected from group 1S and wherein R' is not hydrogen, with the exclusion of: 

metal complexes with a geminatly substituted cyclopentadiene-containing compound, 

(dimethylaminoethyl)tetramethylcyclopentadienyltitanium(lll)dichloride, 

(dibutylaminoethyl)tetramethylcyclopentadienyl titanium(III)dichloride, 

(dimethylaminomethyl)tetramethylcyclopentadienyltitanium(lll)dichloride ( 

(N-pyrrolidinylethyl)tetramethylcyclopentadienyl titanium(lll)dichloride. 

(dimethylaminopropyl)tetramethylcyclopentadienyltitanium(IM)dich!oride, 

(di-decyIaminoethyl)tetramethylcyclopentadienyltitanium(lll)dichloride 1 

(dimethylaminoethyl)di(t-butyl)cyclopentadienyltitanium(lll)dichloride, 

(dimethylaminoethyl)di (trim ethylsi Ian e)cyctopentadienyl-titanium(l ll)dich!oride, 

(dimethylaminoethyl)t-buty!cyclopentadienyltitanium(lll)dichloride, 

(dimethylaminoethyl)tri(i-propyl)cyclopentadienyltitanium(lll)dichIoride 1 

(di(i-propyl)phosphinoethyl)tetramethy!cyciopentadienyl-tttanium(lll)dichloride, 

(di(i-propyl)phosphino(dimethylsiiyl))tetramethylcyclopentadienyltitanium (lll)dichloride, 

(diphenylphosphino (methyldimethylsilyl))tetramethylcyclopentadienyltitanium(lll)dichloride and 

(di(2-butyl)phosphinoethyl)tetramethylcyclopentadienyltitanium(lll)dichloride. 

2. Metal complex according to Claim 1 , in which the R group has the structure 

(-ER 3 2 -) P 

in which p = 1 -4, E is an element from group 1 4 of the Periodic System of the Elements, and in which the R 3 groups 
are each, separately, H or a hydrocarbon radical 

3. Metal complex according to Claim 1 or 2, in which D is chosen from the group consisting of N, O, P and S. 

4. Metal complex according to any one of Claims 1-3, in which D is nitrogen. 

5. Metal complex according to any one of Claims 1-4 in which the metal is chosen from the group consisting of Tl, 
Zr, Hf, Vand Cr. 

6. Use of a metal complex according to any one of Claims 1 -5 as a catalyst component. 

7. Use according to Claim 6 for polymerizing cc-olefins. 



Patentanspruc he 

1. Metallkomplex, in welchem nur eine polysubstituierte, Cyclopentadien enthaltende Verbindung als ein Ligand vor- 
handen ist, wovon mindestens ein Substituent die Form -RDR' n hat, worin R eine Verbindungsgruppe zwischen 
dem Cyclopentadien und der DR' n -Gruppe ist, D ein Heteroatom ist, ausgewahlt aus Gruppe 15 oder 16 des 
Periodensystems der Elemente, R' ein Kohlenwasserstoffrest ist, der 1-20 Kohlenstoflatome enthatt, eventuell 
enthaltend ein oder mehrere Heteroatome aus den Gruppen 14 und/oder 17 des Periodensystems der Elemente, 
und n die Anzahl der R'-Gruppen ist, die an D gebunden sind, dadurch gekennzeichnet, da!3 das Metall nicht im 
hochsten valenzzustand vorhanden ist und daR im Substituenten -RDR' n n = 2 ist, wenn D aus der Gruppe 15 
ausgewahlt ist, und n = 1 ist, wenn D aus der Gruppe 16 ausgewahlt ist, und worin R' nicht Wasserstoff ist, mit 
Ausnahme von: 
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Metallkomplexen mit einer geminal substituierten, Cyclopentadien enthaltenden Verbindung, 

(Dimethylaminoethyl)tetramethylcyclop 

(Dibutylaminoethyl)tetramethyicyclopentadienyltitan(lll)-dichlorid ( 

(Dimethylaminomethyl)tetramethylcyclopentadienyltitan(lll)-dichlorid, 

(N-Pyrrolidinyiethyl)tetramethylcyclopentadienyltrtan(lll)<iichlorid, 

(Dimethylaminopropyl)tetramethylcycIopentadienyltitan(ill)-dichlorid, 

(Di-decylaminoethyl)tetramethylcyclopentadienyltitan(lll)-dichlorid, 

(Dimethylaminoethyl)di(t-butyl)cyclopentadienyltitan(lll)-dichlorid, 

(Dimethylaminoethyl)di(trimethylsi^ 

- (Dimethylaminoethyl)-t-butylcyclopert 
(Dimethylaminoethyl)tri(i-propyl)cyclopentadienyltitan(lll)-dichlorid, ( . 

- (Di-(i-propyl)phosphinoethyl)tetramethylcyclopentadienyltitan(lll)-dichlorid, 

- (Di-(i-propyl)phosphino(dimethylsilyl))tetramethyicyclopentadienyltitan(lll)<li^^ 

- (Diphenylphosphino(methyldimethylsi^ und 

- (Di-(2-butyl)phosphinoethyi)tetramethylcyclopentadienyltitan(lll)-dichlorid. 

2. Metallkomplex gemaB Anspruch 1 , worin die R-Gruppe die Struktur 

(-EFlV)p 

hat, worin p = 1-4 ist t E ein Element aus Gruppe 14 des Periodensystems der Elemente ist, und worin die R 3 - 
Gruppen jeweils unabhangig H oder ein Kohlenwasserstoffrest sind. 

3. Metallkomplex gemaB Anspruch 1 oder 2, worin D aus der Gruppe ausgewahlt ist, die aus N, O, P und S besteht. 

4. Metallkomplex gemaB einem der Anspruche 1 -3, worin D Stickstoff ist. 

5. Metallkomplex gemaB einem der Anspruche 1-4, worin das Metall aus der Gruppe ausgewahlt ist, die aus Ti, Zr, 
Hf, V und Cr besteht. 

6. Verwendung eines Metall komplexes gemaB einem der Anspruche 1 -5 als Katalysatorkomponente. 

7. Verwendung gemaB Anspruch 6 zur Polymerisation von alpha-Olefinen. 



Revendicatlons 

1. Complexe de m&al dans lequel seulement un compose" polysubstitue contenant du cyclopentadiene est present 
comme ligand, dont au moins un substituant a la forme -RDR' n , ou R est un groupe de liaison entre le cyclopen- 
tadiene et ie groupe DR' n D est un h6t6roatome choisi dans le groupe 1 5 ou 1 6 de la classification p^riodique des 
elements, R* est un radical hydrocarbon^ contenant de 1 a 20 atomes de carbone, le cas echeant contenant un, 
ou plus, heteroatomes des groupes 14 et/ou 17 de la classification periodique des elements, et n est le nombre 
de groupes R' lies a D, caract6ris6 en ce que le m&al n'est pas present dans l'6tat de valence le plus 6lev6 et en 
ce que, dans le substituant -RDR' n , n = 2 si D est choisi dans le groupe 15 et n = 1 si D est choisi dans le groupe 
16 et ou R' n'est pas Phydrogene, a I'exclusion: 

t des complexes m6talliques ayant un compos6 contenant du cyclopentadiene a substitution gdminale, 

- du dichlorure de (dim6thylamino6thyl)tetram6thylcyclopentadi6nyltitane(lll) I - du dichlorure de (dibutylamino^- 
thyl)tetram6thylcyclopentadienyltitane(lll), 

- du dichlorure de (dim6thy!aminom6thyl)t6tram6thylcyclopentadienyltitane(lll), 

- du dichlorure de (N-pyrrolidinyl6thyl)t6tram6thylcyclopentadi6nyltitane(lll) I 
du dichlorure de (dim6thylaminopropyl)t6tramethylcyclopentadi6nyltitane(lll), 

- du dichlorure de (di-d6cy!aminoethyl)t6tram6thylcyclopentadi6nyltitane(lll), 

- du dichlorure de (dimethylamino6thyl)di(t-butyl)cyclopentadi6nyltitane(lll), 

du dichlorure de (dim6thylamino6thyl)di(trimethylsilane)cyclopentadi6nyltitane(lllj, 
du dichlorure de (dimethylamino6thyl)t-butylcyclopentadi6nyititane(lll), 
du dichlorure de (dim6thylamino6thyl)tri(i-propyl)cyc!opentadi6nyltitane(IH) l 
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- du dichlorure de (di(t-propyl)phosphino6thyl)t6tram6thylcyclopentadi6nyititane(lll), 

- du dichlorure de (di(i-propyl)phosphino(dimethylsilyl)t6tramethylcyclopentadi^ - du dichlorure de 
(diph6ny!phosphino(m6thyldim^ et 

du dichlorure de (di(2-butyl)phosphinoethyl)t6tramelhylcyclopentadienyltitane(lll). 

Comptexe de metal selon la revendication 1 , ou le groupe R a la structure 

("ER 3 2 -)p 

ou p = 1 -4 et E est un Element du groupe 1 4. de la classification pSriodique des elements, et ou les groupes R 3 
sont chacun, separement, H ou un radical hydrocarbons. 

Complexe de metal selon la revendication 1 ou 2, ou D est choisi dans le groupe forme par N, O, P et S. 
Complexe de metal selon i'une quelconque des revendications 1 a 3, ou D est I'azote. 

Complexe de rn&al selon I'une quelconque des revendications 1 a 4, ou le metal est choisi dans le groupe form6 
par Tl, Zr, Hf, V et Cr. 

Emploi d'un complexe de metal:selon I'une quelconque des revendications 1 a 5 comme composant de catalyseur. 
Emploi selon la revendication 6 pour polymSriser des ct-ol6fines. 
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